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ADVERrisnUENt. 

M]^/ Wriqht has lately made feveral 
very large ORRERY S, with all 
the Motions of the primary and fecondary 
Planets, which makesthc Price very great : 
■Biit beiog willing that Academies, Schools, 
' &c. fliould have the Benefit/of this ufeful 
Machine, he has contrived an ORRERY, 
which exhibits what relates to the Motions 
of the Sun, Earth and Moon 5 to be fold at 
a very moderate Price. 
"" He alfo has great Choice of Mathema- 
tical Inftruments ready .made by him 5 as 
Cafes for Drawirig, Surveying Inftruments, 
Sun- Dials, Weather-Glaffcs, &c. 



f 



.-.-m T H E ■ 

1^0 N T E N f S. 

Tf?e Introduction: Containing 
a brief Account of the Solar Syjiem, and 
of the fixed Stars. 

Sect. I. f\F the Order, and'^eriods of the Tri- 
^ mary Tlanea revolving abom the Sua ; 

and of the Secondary 'Planeti round their re- 

fpetlive 'Privtaries. 

• Of the (Primary Tlancti. Pag. i 

-^—Of the Secondary 'Planets. 4 

— -Of the Annual and diurnal Motion of the "Pla- 

'that the Planets are Opaque and Glok.'lar. 7 

Thai the Earth is placed betwixt the Orbits of 

Mara atid Venus. ^ 

'that the "Planen ttirn round the Sun. ibiti. 

'that the Earth alfb turns round the San. 1 1 

Hoii) the Annual and 2iiurnal Motiom of rlre 

'Planets are commuted. — 1 5 

■ • Ho'w the Relative 3)iJ!ances of the Pia?iets frot^i 

the Sau are determined, ■ 1 s 

H010 their ahfolute ^iftances from the Sun are 

computed. I J 

How the Magnitudes of the 'plajieti are deter- 
mined. ■; . }i 

•^—Why the Moon af pears t/igger than any of the 

Planets. ..— . . ' — , , 13 

■^—A table of the ^ijlances, Mngniti/dcs, 'Periodical 

and diurnal Revolutions of the Planers. n 

Of Comets. ij 

S-e-cr. II. Of the fxed Stars. :- 17 

T^at the fixed St^rs are luminous Sodies, at im- 

menfe 'Dijlances frota us. "■■■ . ibid. 

Of Telefcopical Stars. "— ^ — 29 

the Stars digefie^ into Confiellaiions, 30 

r—Of the Galaxy, ' tr MUky Way. ' — 1 » 
A 1 the 



The CONTENTS. 




The Description and Use of the 
Celestial ^»^ Terres tr ial 
Globes. 35 

T^bB Geometrical Definition of a Globe, and of the 
trincifal life, of the Artificial Globes. 3^ 

1%at there nxill be the fame VroJpeS of the fixed 
Stars, ^whether the SfeSator be f laced in the Sun 
or on the Earth. ■ — — 37 

S E c T . I . An Explanation of the Circles of the Sphere ^ 
and offomeJfironomicalTerms arifing therefrom. 3 9 

OftheDiviJIonofTime. — 57 

. Of the Atmofphere. — ;— 6 7 

Si.cr. II. Geographical Definitions/ — 70 
^-"-^Of the Situation of T laces upon the Earth, ibid. 
''"—^f Zones and Climates. ■ 75 

^'^"'^fthe Poetical Rifing and Setting of the Stars, 80 
— Of the Surface of tife Earthy confidered as it is 
compofed of Land and Water. — ibid . 

— Of the Appurtenances of the Globes. 8 4 

Sect. III. The Ufe of the Globes. 
Problem L To find the Latitude and Longitude of 
any given ^lace upon the Globe j and on the con- 
trary^ the Latitttde and Longitude being given^ to 
find the Tlace.^ 87 

pROB. 11. To find the Difference of Latitude betwixt 
any two given places. 88 

Prob. III. T'o find the Difference of Longitude be- 
. twixt any two given Places. 89 

Prob. IV. Anyplace being given ^ to find all thofe 
places that are in the fame Latitude with the 
faid Tlace. 90 

Prob. V. The Day of the Month being given 5 to find 
the Sun^s Tlace in the EclipticK ^nd his Declina- 
tion, ibid. 
Prob; VI. To rcQify the Globes for the Latitude^ 
Zenith^ and Sun*s 7^ lace. * 91 

Prob. 



M Pbob. 

I 



The CONTENTS. 

Pbob. Vll. lo find the 7)ijiance beinveefi any tii'i 
giv^a Tiaces ufon the Gloi/e, and to find all thofe 
places upon the Ghhe that are at the fame iDiftance 
from a givm 'Place. jji 

Pros. Vlll. To find the Angle ofPofiiion ofPlaccs ; 
or, the Angle formed by the Meridian of one Tlace, 
and a great Circle faffing through both theptaces. 95 

Prob. IX. 7ojfn^fl)eAntscci, PeriKci, oHiiAncipodes 
to any given 'Place, - 9 S 

Prob. X. The Hour of the Day at one Place, 'heing 
given J to find the correffondent Hour {or what 
o'clock it is at that Time') in any other "Phce. 96 

Prob. XI. The T)ay of the Month being given, to 
find thofe 'Places oh the Globe ithere the Sun 'vciil be 
Vertical, or in the Zenith, that Tiay. 97 

Prob. XH- A Vlace being given in the Tarnd Zone, 
to find thofe t-wo Tiays in ichich the Sun pall be 
Vertical to the fame. 58 

Pkob. XIll. To find nrhere the Sun is Vertical at any 
given Time affigned ; or, the Tiay of the Month 
and theHoifr at any 'Place (fnp^ofe London) being 
given, to find in •vehat 'Place the Sua is Vertical at 
that very Time. ibid. 

Pros. XIV. The ^ay^ and the Hour of the tDay at 
one 'Place, being given ; to find all thofe 'Places 
vfon the Earth, -Khere the Sun is then Rifing, 
Setting, Culminating, (or on the Meridian ;) alfb 
'Mere it is Tiay-Ligbt, T-wilight, 2}ark-Nighi, 
Mid-Night ; ivhere the Twilight then begins, and 
where it ends: the Height of the Sun in any Part 
of the illuminated Hemiffhere ; alfo bis3)efireffion 
in the obfctire Hemiffhere. 39 

Pbob. XV. The T)ay of the Month beitig given ; to 
fheia, at one vie-x, the Length of Day and Night 
in all Places vfon the Earth at that Time ; and 
to explain hoiii the Viciffitudes oJ'2}ay and Night 
are really made by the Motion of the Earth round 
her Axis in 14 Hours, the SHnftandingflHl, loo 
Prob. XVI. To explain in general the Alteration of 
Seafons, or Latgth of the 'Days and Nights, made 
in all Places of the IVorld, by the Sun's (or the 
Earth's) amirial Motion in the Ecliftick. 103 
Prob. 



vi The C O N T E N T S. 

Prob. XVII. To Jbew by the GlobCy at one vietx^ 
the Length of the Days and Nights in any f arti- 
cular ^lace, at all Times of the Tear. io8 

Prob. XVIII. The Latitude of any Vlace^ not ex- 
ceeding 66i Degrees^ and the Day of the Month 
being given 5 to find the Time of Sunrifing and 
fettingy andtheLengthoftheDay andNtght. 115 

Prob. XIX. To find the Length of the Lonjgefi and 
Sborteft Day and Night in any given Tlace^ not 
exceeding 66i Degrees of Latitude. 116 

Prob. XX. To find in 'what Latitude the Longeft 
Day is, of any givenLength lefs than i^Hours. 117 

Prob. XXI. A Tlace being given in one of the 
Frigid Zones {fuffofe the Northern) 5 tdfindixhat 
Number of Days Xof 24 Hours each) tie Sun dotb 
conftantly Jbine ttfonjthe fame ^. how long he is ab^ 
fent, and alfo the firfi and laft Day of his Ap- 
fearance. 118 

Prob. XXIL To find in what Latitude the Longeft 
Day iSf of any given Length lefs than 182 Natural 
Days. 120 

Prob. XXIII. The Day of the Month being given^ 
to find when the Morning and Evening Twilight 
begins and ends^ in any ^lace upon the Globe. 121 

Pro^. XXIV. To find the Time whenxotal Darkneft 
ceafeSf or when the Twilight continues from Sun- 
fetting to Sun-rifingf in any given Tlace. 123 

Prob. aXV. TheDay of the Month being given 'j to 
find, thofi Places of the Frigid Zones, where the Sun 
begins to Jbine conftantly without fitting j and alfo 
thofi ^j^ces where he begins to be totally abfent, 124 
* Prob. iSVI. The Latitude of the Tlace beinggiven 5 
to find the Hour of the Day when the Sun Jbine s. 

ibid 

Prob, XX VII. To find the Sun's Altitude when it 
Jbines^ by the Globe. 125 

Prob. XXVIII. The Latitude, and the Day of the 

Month being given 'j to find the Hour of the Day 

. when the Sun pines. i%6 

Prob. XXIX. The Latitude, the Sun's Tlace^ and 
his Altitude^ beinggiven 5 to find the Hour of the 
Day^ and the Sun's Axtiwuthfrom the Meridian. 

1^1 



the e O N T E N T S. vii 

PROB.XXX. T^ Sun' sAzinmtb being given 5 to place 
fb0^ri/iian of the Globe Jue North and Souths or to 
fifti a Meridian Line when tie Sunjbines. ibid. 

Prob. XXXL Stbe Latitude^ Hour of the Day, and 
the Son*s iPlace being given 5 to find the Sun's Al- 

' titude. ■ . ^ • 128 

Prob. XiXII. T'he Latitude of the Tlace, and the 
iDay of the Month being given 5 to find- the jDe- 
fr^on of the Sun below the Horizon^ a7zd his 
Azimuth, at any Hour of the Night. 129 

Prob, XXXIII. ^/he latitude, the Sun' solace, and 
hii Awnuth being given 5 to find his Altitude and. 
the Hour. — \ — , ibid. 

Pro^. XXXIV. ^he Latitude^ the Sun's Altitude, 

and his Azimuth, being given 5 to find his Tlace 

' in the EclifticK and the Hour. 150 

Prob. XX;XV. I'he 2)eclination and Meridian Al- 

' titude of the Sun, or of any Star, being given j to 
find the Latitude ^' the Vlaoe. ibid. 

Prob. XXXVI. The 2)ay and Hour of a Lunar 
Eclipfe being kno'wn 5 to find all thofe Places ufon 
the Ghbe^ Jn ^hich the fame ijoill be vifible. 1 31 

Prob. XXXVII. ^he 2)ay of the Month, and Hour 
ofthe2)ay, according to our way of reckoning in 
England, being given -^ to find thereby the B^^hylo- 
nick, Italick, and the Jewiln or Judaical Hour. 132 

Prob. XXXVIII. "Tofind the Right Afcenfwn and 
2)eclinatian of the Sun or any Fixed Star. 193 

Prob. XXXIX. To find the Longitude and Latitude 
of a given Star, " ■ 135 

Prob. XL. T'he Latitude of the "Place, the T)ay of 
the Month, and the Hour being given 5 to find *what 
Stars are then Rifing and Setting 5 ixhat Stars are 
Culminating or on the Meridian, and the Altitude 
and Azimuth of any Star above the Horizon $ and 
. alfo how to diftinguijb the Stars in the Heavens one 
from the other, and to know them by their frofer 

4 Names. — — — . 1-5 

Prob. XLL T'he Latitude of the Vlace being given 3 
to find the Amplitude, Oblique Afcenfion and De- 
fcenfion, Afcetifional 2)ifference, Semi-Diurnal 
Arch, and the Time of Continuance above the Ho- 
rizon, of any given Voint in the Heavens. j 39 



The C O N T E H T S. -* 

pROE. XLII. The Latitude and the fDay of the MBnt% 
beittg given i to find tie Hour 'when any knowfi 
Star tvili bs o» the Meridian, and alfo t^^tne of 
its Rift"S and Setting. • 14* 

PaoB. XLill. To find at itihat Time of the Tear a 
given Star mil be span the Meridian, at a given 
Hour of the Night. — 141. 

Pbob. XLIV. The 'Day of the Month, ajid the 
Azimuth of any kno"jjn Star being given i to find 
the Hour of the Night. ibid. 

Prob. XLV. Tivo knoivn Stars having the fame 
Azimuth, or the fame Height, being given ; rt 
find the fiour of the Night. 1 44. 

Prob. XLVI. The Latitude, T)ay of the Months 
avd the Altitude of any kwxn Star being given j 
to find the Hour of the Night. 145 

Prob. XL VII. Having the Latitude ef the 'Place^ 
to find the T)egree of the Eclipick, 'which rijes or 
fits ivith agiven Star ; and from theijce to deter- 
mine the Ttme of its Cofmical and h<^Tim.Q3.\ Ri- 
fing and Setting. 144 

Prob, XLVIII. Having the Latitttde of the ^lace^ 
to find tht Time 'when a Star rifis andfeis Helia- 
caily. 147 

Prob. XLIX. To find the 'Piace of any Tlanet upon. 
theGlobe^ and fo by that means, to find its ^lace 
in the Heavens: Alfo to find at lehat Hour any 
Timet ivill rife or fet, or be on the Meridian, at 
any T)ay in the Tear, — — i^g 

Pbob. I>. To find ail that Space upon the Earth, 
ijchere an Eclipjh of one of the SateUits of Jupiter 
•willbe vifibk. ijo 

The Description of the Orrery. 152 

Of the Motions of the 'Planets in general. i j 7 

OftheStations andRetrogradationsofihe'Phntts. itfo 
Of the Annual and T>iumal Motion of the Earth. t6j 
OftheiPhafesoftheMocn, and of her Motion i» her 

Oriit. -- ■■ — 175 

Of the EcUpfes of the Sun 'aniiiMoon. 1 19 

Of the EcUpfes o/Jupiter'i '^ieUin. 185 




INTRODUCTION, 
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A Brief Account of the Solar 
. System, and of the Fixed 
' Stars. 



SECT. I. 

fthe Order, and "Period! of the 'Primary 
^.'Planets revolving about the Sun\ and 
' of the Sectmdary 'Planets round their 

refpeSive 'Primaries. 

k. H E Sun Is placed in the midft of 
', an immenfe Space, wherein ^^sImiii' 
Opaque Spherical Bodies revolve 
about him as their Center. Thefe 
jpandrlng Globes arc called the Planets; 
I at diScient Difianccs, and in difFcrenC; 
B Faiods, 
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Periods, perform their Revolutions front 
Weft to Eaft, in the following Order. ■ 

I . $ Mercury is neareft to the Sun of all / 
the Planets, and performs its Courfe in 
about three Months. 2; S Venus in about 
feven Months and a half. 3 • ^The Earth 
in a Year. 4. <? Mars in about two Years. 
5. V Jupiter in twelve. And laftly, \ S^ 
turn, whofe ♦ Or^// includes all the reft,"' 
fpends almoft 30 Years in one Revolutiont 
round the Sun. The diftances of the Planets 
from the Sun are nearly in the fame 
proportion, as they are rcprefemed Mi 
^late I . vi&. Suppoimg th^ Diftance of the 
Earth from the Sun to be divided into ic^ 
equal parts 5 that of Mercury will be about 
4 of thefe parts 5 oi Venus 7 5 of Mars 151. 
of Jupiter 52 $ and that of Saturn P5« 

The Orbits of the Planets are not all in 
the fame Plane, but varioully inclined to 
one another; fo that fuppodng one plf^ 
them to coincide with the cbovc Scheme^ 
the others will have one half above, afld 
the other half below it % interfeding one 
another in a Line pafling through the Sun. 
The Plane of the Earth's Orbitj is called 

The CfiaraAers placed before tlie Names of the Plaiic^. 
sre for Brevity's iake commonly made u(e of by A(faroooiner% 
snfteadofthe Words at leogth, as ^ioxV%nm. &c. 

* By the Orbit of a Planet, is commonly underftood ihf- 
Tra^ or Rin^ defcribed by its Center roaod the Sun i but 
by the Plane of the Orbit is meant a flat Surface 
fiery way thro' the Orbit infiiutdy. 
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Se6l:.i. bfthe So£ar SySTfiM; 3 

the EcliPtick 5 and this the Aftronomers^^%»'*- 
make me Standard, to which the Planes 
bf the other Orbits are judged to incline. 
The right Line paffing thro' the Sun, and 
the common Interfcftion of the Plane of 
the Orbit of any Planet and the Ecliptick, 
is called the Lim of the Nodes of thzt NodiK 
Planet $ and the Points themfelves, wherein 
the Orbit cuts the Ecliptick^ are called the 
Nodes. 

The Itidinatioris of the Orbits of the 

planets to the flane of the Ecliptick, arc 

as follow, n)iz. the Orbit of Metcury makci 

an Angle with it of almoil 7 degrees s 

that of Venus fomething above 3 ^ degrees ; 

oiMarSj a little lefs than 2 degrees $ ofju'- 

fitevy I ^ degrees 5 and of oaturny about 

% T degrees. The Orbits of the Planets arc 

not Circles, but EUipfes or Ovals. What 

an EUipfts is, may be eafUy underftood from 

the following delcription. Imagine two 

finall Pegs fixed upright on any Plane, and 

iuppofe them tyed with the ends of a 1 hread 

fomewhat longer than their diftance from 

One another : now if a Pin be placed in the 

double of the Thread, and turned quite 

round, (always ftretching the Thrt :d with 

the fame force) the Curve dcfcribed by this 

Motion is an Ellipfis. The two Points 

where the Pegs ftood, (about which the 

Thread was turned) are called the Foci of 

that Ellipfis ) and if without changing thd 

B ^ Icdgtht 
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length of the Thread, we alter the Pofitioh 
of the Pegs, we fhall then have an Ellipfis 
of a different kind from the former j arid 
the nearer the Focuses arc together, the 
nearer will the Curve defcribed be to a 
Circle 5 until at, laft the two Focus's co-^ 
incide, and then the Pin in the doubling o£ 
* the Thread will defcribe a perfed Circle. 
The Orbits of all the Planets, have the Sun" 
in one of their Focu^si and half the diflance 
ixantri' between the two Focus's is called the Ex- 
^^J' centricity of the Orbits. This Excentricitjr 
is different in all the Planets ^ but in moft 
of them it is fo fmall, that in little Schemes 
or Inftrumcnts, made to reprefent the Pla* 
iietary Orbits, it need not be confidered. ^ 
The Six Planets above-mentioned, arc^ 
?ri»47 called TrimarieSy or Tritnary ^laneU^- 
fUnets. but befides thefe, there arc ten other Icflcr 
sec9»dMry ^^^^cts, which atc callcd Secondaries J 
tUmfs. Moons or Satellits. Thefe Moons al- 
ways accompany their refpcftivc Primariesy^ 
and perform their Revolutions round them, 
whilft both together are alio carried rounds 
the Sun. Of the Six Primary Planets, there 
are but three, as far as Obfervation can 
affure us, that have thefe Attendants, vis^ 
the Earthi Jupiter ^ and Saturn. 

The Earth is attended by the Moon^ who 
performs her Revolution in about 27 j- days> 
at the diilance of about 30 Diameters of 
the Earth from it $ and once a Year is 

' ^ carricA' 



Se€t. I. Off^e Solar Svstem. ^ 

carried round rhc Sun along with the Earth. 

Jupiter has four Moons or SateUits;xht]^?^^'^'' 
firft or innermoft performs its Revolution^"*""'""* 
in about one Day and 1 8 \ Hours, at the 
diftance of j ^ Semidiamcters of Jupiter 
from his Center j the fecond revolves about 
Jupiter in 3 Days and 1 3 Hours, at the di- 
ftancc of 9 of his Semidiamcters ; the third 
in 7 Days and 4 Hours, at the diftancc of 
, i4y Semidiamcters ; the fourth and outtr- 
VnKoJi^ performs its Courle in the fpace of 
1 1(5 Days 1 7 Hours, and is diftant from Jup- 
wter's Center, 2j ^ of his Semidiamcters. 
I- Saturn has no Icfs than five SateUitSi^^^,„^^^ 
Mhejfr^ or innermoft revolves about him inj^< 
Wj. Day and n Hours, at the diftancc of 
I4 4 Semidiamcters of ^ from his Cen- 
*tcr; the fecond compleats its Period in 2 ^ 
Days at the ftiftance of 5 ^ of his Semidia- 
metersj the third, in about 44. Days at 
the diftancc of S Semldiametets i thz fourth 
performs its courfc in about 16 Days, at 
the diftancc of iS Semidiamcters j the 
fifth and outermoft takes 79 -j- Days to 
finifh his Coutfe, and is s 4 Semidiametcrs of 
Saturn, diftant from his Center. The Sa-.. 
tellits as well as the Primaries perform iheir 
Revolutions from fVeJi to Eafi : the Planes 
of the Orbits of the Satellits of the fame, 
Planet, arc varioufly inclined to one ano- 
ther, and confequently ate inclined to the 
pUnc of the Orbit of their Ptimary. 

B 3 Be: 
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Saturn's Befidcs thcfc Attendants, Saturn is eti^ 
^f compaflfed with a thin plain Ring that does 
ho where touch his fkidy : the Diameter of 
this Ring is to the Diameter of S^um as 
p to 4 > ^nd the void Space between the 
Ring and the Body of Saturn is equal to 
' the breadth of the Ring it felf | fo that in 
fome ittuations the HeavcQs may be feen 
between the Ring and his Body, This for-! 
priiing Phenomenon of Saturn's Ring is a 
modern difcovery ; neither were the S^ 
|:ellits of Jupiter and Saturn known to the 
Ancients. The Jovial Planets were firil 
difcovcrcd by the famous ltsUianV\ki\o£o* 
pher GaliUuSy by a Telefcopc which he 
iirft invented : and the celebrated Caffmi^ 
the French King's Aftronomcr^ was the firft 
that (aw all the Satellits of Saturn ; which 
by reafon of their great diftances from the 
Sun> and the fmallnefs of their own S^odies^ 
cannot be feen by us^ Init by the help of 
very good Glaffesl 
Jinnual The Motion of the primary Planets round 
^^^: the Sua (as alfo of the Satellits roun4 
their refpeftive Primaries) is called theii: 
Annual Miai9n% becaufe they have one 
Year or Alteration of Seafons complete ii^ 
^tk€ of thefe Revolutions. iBefides chi^ 
Aflinual Motion^ four of the Planets^ viz. 
Venus y the Earth, MarSj and J^itety re- 
volve about thcit own AxeSy from Wejt 
W^^i toEafii aad this is ctUcd thtu ^Diamai 



■Motiofk For by this Rotation each point 
ibi that Surfaces, is carried fucceffivcly to- 
iRrards or from the Sun, who always illu^ 
mlflatcs the Hcmiljpherc which is next to 
him, the other remaining obfcurc : and 
while any Place is iA the Hemifphere illumi- 
nared by the Sun, it is ^ay 5 but when it 
is carried to the. obfcure Hemifphere, it be- 
comes Night ; and fo continues until by 
this rotation the faid place is again enlight- 
jjcd by the Sun^ 

• The Earth performs its Revolution ^^^f 
raund its Axis in 23 Hours 56 Minutes ;/^e©, 5, 
'Vmus in 23 Hours 5 Mars in 24. Hours and ^-^^^r* 
40 Minutes^ and| Jupiter moves round 
jhis own Axis in 9 Hours and 56 Minutes. 
Tlic Sun alfo is found to turn round his 
Axis from Weft to Eaft in 27 Days : And Qand c 
the Moon, which is neareft to us of all the i^kewift 
Planets, revolves about her Axis in a Month, 'X^!2JJ^, 
or in the fame fpace of Time that (he turns 
round the Earth 5 fo that the Lunarians have 

i)ut one Day throughout their Year* 

.L The Planets are all opaque Bodies, ^^^^^ 
-having no Light but what they borrow from ^.^' "J^* 
the San : For that ftde of them which isMd Gh^ 
jiext towards the Sun, has always been ob- ^^^' 
fefVed to be illuminated, in what poiRtioa 
ibcver they be i but the oppofite fide, which 
the Solar Kays do not reach, iremain dar): 
^nd obfcurc § whence it is evident that they 
tA\^ po i^t \m what proceeds from the 

B + Sun ; 
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Sun : for if they had, all parts of them 

would be lucid without any darkncfs 

or fliadow. The Planets are likcwiic 

proved to be Globular, bccaufe let what 

jpart foever of them be turned towards 

the Suni its Boundary, or the Line fepa* 

rating that part from the oppofite, always 

appears to be Circular s which could not 

happen if they were not Globular. 

Tifi ?/4. II. That the Earth is placed betwixt the 

rluJiTh! ^^^^ of Mars and Fenus, and that 5, », 

Si$a. ' cT, V, and "6, do all turn round the Suns 

is proved frOm Obfcrvations as follow : 

I. Whenever Fenus is in Conjundioa 
with the Sun, that is, when {he is in the 
fame Diredion from the Earth, or towards 
the fame part of the Heavens the Sun is in j 
(he either appears with a bright and round 
Pace like a full Moon, or elfe difappears.: 
or if fhe is vifiblc,- flie appears honied like 
a new Moon $ which Phenomena could 
never happen if ? did not turn round the 
Sun, and was not betwixt him and the 
Earth: For fince all the Planets borrow 
their Light from the Sun, it is neceflfary that 
S's lucid Face fliould be tQ wards the Sun s 
and when fhe appears fully illuminated, 
fhe (hews the fame Face to the Sun and 
Earth ; and at that time fhe mud: be above 
or beyond the Sun, for in no other Pofitioa 
could her illuminated Face be feen from the 
Earth. Farther^ when fhe difappears, or. 
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if vifibic, appears horned; that Face of 
hers which is towards the Sun, is cither 
wholly turned from the Earth, or only a 
finall part of it can be fecn by the Earth j 
and in this, cafe (he muft of neccllity be 
betwixt us and the Sun. Let S be the iSun, f/m* i. 
T the Earthy and V Venus^ having thc^'f- '* 
lame Face prefented both towards the Sun 
and Earth : here ic is plain that the Sun is 
betwixt us and Venus, and therefore wc 
muft either place Venus in an Orbit round 
the Sun, and likewife betwixt him and 
us, as in Fig. i . or elfe wc muft make the 
Sun to move round the Earth in an Orbit 
within that of Kf»«x,as mFig. 2. Again, 
after Venus difappears, or becomes horn- 
ed, at her * rf with the ©, fhe then muft be 
betwixt us and the Sun, and muft move 
cither in an Orbit round the Sun, and be- 
twixt us and him, as in Fig. i. or elfc 
lound the Earth, and betwixt us and the 
Sun, as in Fig. 2. But Venus Q^nnot move 
fomctimes wuhin the Sun's Orbit, and 
fomctimes without it, as we muft fuppofc 
if (he moves round the Earth j therefore ic 
is plain that her Motion is round the Sun. 

Befidcs the foregoing, there is another 
Deraonftration that Venus turns round the 
Sun, in an Orbicthat is within the Earth's; 
becaufc Ihe is always obferved to keep near 
the 

'* (f 19 a Mark commonly uled for Coojundion: thui tf 
the 0, ii to be read Conjuadien wiib ibe Sua. 
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Ac Sun, and in the fame Quarter of the Hea^ 

yens that he is in : for (he titvct receded fitmi 

)iim more than about {. of a whok Circle i 

and therefore can never come in oppoilttioh 

to him $ which would ntcefikrily happeri> 

did file perform her Courft round the Eanh 

cither in a longer or Aiortet tkne than a Year* 

Atid this is the reafon why VenMs is never tb 

be feen near midnight^ but always either 

in the Morning or Evening, and at moft not 

^ above three or four Hours before Sun-rifitig, 

ST/w^r or after Suurfctting. From the time of f ^ 

nther fupcrior Conjundion (or when flie is aboi^ 

t^!fT.'thc Sun) fhe is more Eafterly than the Sun, 

'Vitrng and therefore fets later^ and is feen after 

^^^' Sun-fctting, and then Ihe is commonly caliv 

•cd the Evening St fir. But from the time 

of her inferior Conjundion till (he comes 

again to the fuperior, (he then appears mor6 

Wcftctly than the Sun, and is only, to be 

feen in the Morning befope Sun-nfm^, and 

is then called the Miming Star. 

After the fame manner wip jmwe that 
Mercury turns roiind th^ Sun^ for he al« 
ways keeps in the Sun^s Netghboarfaood> 
^aid never recedes &om him fo far as Venus 
does i and therefore the Orbit Of ^ muft 
lie within that of $ : and on the account of 
his nearnefs to the Sun, he can feMom h^ 
feen without a Telefcope. 
The Orbit MoTS \% obfcrvcd to comc in oppofition, 
£2^;^;^ and likcwife to have all other Afpcds with 
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the Sua J he always prefcrves a round, full, 
and bright Face, except when he is near his 
CJuadrate Afpe^, when he appears Ibme- 
vhat Gibbous, like the Moon three or four 
days before or after the Full : Therefore the 
Orbit of <? muft include the Earth within 
it, and alfo the Sun j for if he was betwixt 
the Sun and us, at the time of his inferior 
Conjunftion, he would either quite difap- 
pear, or appear horned, as Fenus and the 
Moon do in that Pofition. Let S be theF'i. j* 
Sujjy T the Earth, and A, P Mars, both in 
his Conjundion and Oppofttion to the Sun, 
and in both Pofitions AjH j and B, C Mars 
at his Q^iadratu.es, when he appears fomc- 
what gibbous from the Earth at T : 'Tis 
plain hcnct:, that the Orbit of Mars docs 
inciU'Je the Earth, otherwifc he could not 
comfc in oppofition to the Sun ; and that it 
Ukcwife includes the Sun, eife he could 
not appear full at his Conjuuiaion. 

Mars, when he is in oppofition to the 
SUn, looks almoft fcvcn times larger in 
Diameter, than when he is in conjundion 
with him -, and tliercfore muft needs be al- 
molt leven times nearer to us in one pofition 
than in the other : For the apparent Magni- 
tudes of far dittant Objeds, incrcafe orde- 
creafc in proportion to their diftanccs from 
11$. But Mars keeps always nearly at the 
&me dillance from rhc Sun j therefore it is 
plain, that it is not the Earth, but the Sun 
^t is the Center of his motion. It 
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It is proved in the fame way, that Ju* 

piter and Saturn have both the Sun and 

the £arth within their Orbits i and that 

the Sun, and not the Earth, is the Center of 

their Motions % altho' the difproportion o£ 

the diftances from the Earth, is not fo great 

in Jupiter as it is in Mars, nor fo great in 

Saturn a9 it is in yupiur, by reafon that 

they are at a much greater diilance from 

the San. 

f^ We have now fhewn that all the Planets 

isuf9- turn round the Sun, and that Mertury and 

ttUmts pr^^g ^j.g included between him and the 

Earth i whence they are called the Inferior 
Planets : and that the Earth is placed between 
the OzhitsofMars and VenuSy and therefore 
included within the Orbitsof il/^rj, Jupiter 
znd Saturn; whence they are called the 
Superior Vlanets : And fince the Earth is 
in the middle of thcfe moveable Bodies, and 
is of the fame nature with them, we may 
conclude, that fhc has die fame fort of Mo« 
tions ; but that fhe turns round the Sun^ i^ 
proved thus: 
r ^fth ^^^ ^^^ Planets feen from the Earth ap* 
s not pear to move very unequally ; as fomctimes 
'/»^w' ^^ S^ faftcr, at other times flower 5 fome* 
ndthi times to go backward, and (bmetimes to 
^* be ftationary, or not tomove at alii which 
could not happen if the Earth flood ftill. 
Lct.S be the Sun, T ihe Earth, the great 
Circle A B C D the Orbit of Mats^ and 

thft 
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the Numbers i, 2, 3, ^c- its equable Motion 
round the Sun; the corrcfpondent Numbers 
I, 2y3,&c. in the Circle a,b,c^d, the Mo- 
tion oi Mars as it would be feen from the 
Earth. It is plain from this Figure, that if 
the Earth flood ftill, the Motion of Mars 
would be always progrcfl'ive, (tho' fome- 
times very unequal j) but fince Obfcrvations 
prove the contrary, it neceflarliy follows, 
that the Earth turns round the Sun. 

The Annual Period of the Planets round^'-*""^- 
the Sun are determined, by carefully obfetv-2'„7/jH^! 
ing the length of time fince their departuremw eftbt 
from a certain Point in the Heavens (or from ^^ J / 
a Fixed Star) until they arrive to the i^rasfMid" 
again. By thefe forts of Obfcrvations the 
Antients determined the periodical Revo- 
lutions of the Planets round the Sun 5 and 
were fo exad in their Computations, as to 
be capable of predidingEclipfes of the Sun 
and Moon. But flnce the Invention of 
Telefcopes, Aftronomical Obfcrvations arc 
made with greater Accuracy, andof confe- 
quencc our Tables arc far more pcrfe£l than 
ihofe of the Ancients. And in order to 
be as exa£t as poflible, Aftronomers com- 
pare Obfcrvations made at a greater diftancc 
of time from one another, including fcvc- 
ral Periods ; by which means the Error that 
might be in the whole, is in each Period 
fubdivtdcd into fuch little parts, as to be 
very inconfidcrablc. Thus the mean Length 
of a foUr Year is known evea to Seconds. 
The 
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The Diurnal Rotation of the Planet! ' 
found their Axes, was difcovered by certaitt 
Spots which appear on their Surfaces. Thtie 
Spots appear iiril in the Margin of the Pla^, 
nets Disks, (or the Edge of their Surface^) 
and feem by degrees to creep towards their 
Middle $ and fo on, going ftiil forward, till 
they come to the opposite Side or Edge 
of the Disk, where they fee or difappear i 
and after they have been hid for the fame 
fpaee of time that they were vifible, they 
again appear to rife, in or near the fame 
place as they did at firft ; then to creep oft 
progreflively, taking the fame eourfe as thrf 
did before. Thefe Spots have been obferved 
on the Surfaces of the Sm^ Venui^ MarSf 
and Jupiter 5 by which means it Jias been 
found, that thefe Bodies turn round theif 
own Axes in the times before-mention'd# 
It is very probable that Mircury and Saturn 
have iikewife a Motion round thdf Axes^^ 
that all the parts of their Surface may al-» 
ternately enjoy the Light and Heat of the 
Sun, and receive fuch changes as are propeif 
and convenient for their Nature. But by 
reafon of the nearncfs of 5 to the SuA, 
and "^'s immenfe diftance from him, no 
Obfervations have hitherto been made where- 
by their Spots (if they have any) could be 
difcovered, and therefore their diurrtal Mo* 
tions could not be determined. Tie dhur* 
nal Motion of the Earth is computed; from 
I 2 the 
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the apparent Revolution of the Heavens, 
and of ali the Stars round it, in the fpacc 
<^ a natural day. The Solar Spots do not 
always remain the fame, but fometimes old 
OTics vanith, and afterwards others fuccecd 
in their room 5 fometimes feveral fmall ones 
gather together, and make one large Spot, 
and fometimes a large Spot is feen to be 
divided into many fmall ones. But, not- 
withftanding thefc Changes, they all turn 
round with the Sun in the fame time. 

The relative Diftances of the Planets mv iht 
from the Sun, and likewife from each other, ^-a'"" 
are determined by the following Methods :^Va"p" 
Pirft, the diftances of the two inferior Pla-"«'^"» 
nets 5 and « from the Sun in rcfpca of^^^''^* 
the Earth's diftancc from him, is had bymJ. 
obfcrving their grcatcft Elongation from the 
Sun as they are fecn from the Earth. 

• The greateft Elongation of Fenus is found f,^, j_ 
by obfcrvation to be about 48 degrees, E/enjari 
■which is the Angle ST 2 j whence, by the 
known Rules of Trigonometry, the Propor- 
tion of S 9 , the mean Diftance of Fenus 
from the Sun to ST, the mean Diftance 
of the Earth from him, may be eafily found : 
After the fame manner, in the right-anjilcd 
Triangle ST ?, may be found the Diftance 
S 9, of Mercury from the Sqn. And if 
the mean Diftance of the Earth from the 
Snavi S T be made 1000, the r.iean Diftance 
©f Vtnus% S from the Sun will be 723 ; 
and 
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and of Mercury S 5 387.' And if the Planets 
moved round the Sun in Circles, having 
him for their Center, the Diftances here 
found would be always their true Diftances; 
but as they move in Ellipfes, their Diftances 
from the Sun will be fometimes greater, and 
fomctimes lefs. Their Excentrkities are 
computed to be as follows, "vis. 

»Q Mercury 80^ . , 
Excmt. cih^enus ^^ 5^°'^ "'^ ^T' 5' 
The .Diftances of the fuperior Planets,' 
'vim. (?, V, and "fe, arefound by comparing 
their true places, as they are feen from the 
Sun, with their apparent places as they arc 
feen from the Earth. Let S be the Sun, the 
Circle A B C the Earth's Orbit, A G a Line 
touching the Earth's Orbit, in which we'll 

(fuppofe the fuperior Planets arc feen from 
the Earth, in the Points of their Orbits tT, 
V, ^; andletDEFGH, be a portion of a 
great Circle in the Heavens at an infinite di- 
ftance: Then the Place of Marskcti from 
the Sun is D, which is called his true or 
fblUctn- Heliecentrick 'Place j but from the Earth 
triA Md he'll be feen in G, which is called his ap- 
%"Jc'^" parent or Geocentrick Tlace. So likewifc 
»b»t. Jupiter and Saturn will be feen from the 
i)un in the Points E and F, their Helioccn- 
trick Places ; but a SpcQiator from the 
Earth will fee tliem in the Point of the 
Heavens G, which is their Gcocentrick Place. 
The 
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The Arches DG, E G, FG, the differences 
between the true and apparent Places of the 
fuperior Planets, are called the Taral/axes 
of the Earth's annual Orb, as (ecn from thcfe 
Planets. If rhro' the Sun \vc draw S H pa- 
rallel to A G. the Angles A t? S, A V S, 
A ^ S, will be rcfpedively equal to the 
Angles D S H, E b H, and F S H ; and the 
Angle A G S is equal to the Angle G S H, 
whole mcalbre is the Arch G H j which 
therefore will be the meafure of the Angle 
AGS, the Angle under which the Semi- 
diameter A S of the Earth's Orbit, is leen 
from the Starry Heavens. But this Scmi- 
diametcr is nothing in rcfpcft of the im- 
;inenie Difunce of the Heavens or Fixed 
Stars 5 for from thence it would appear un- 
der no fenfible Angle, but look like a Point. 
And therefore in the Heavens the Angle 
G S H, or the Arch G H vanifhcs ; and the 
Points G and H coincide ; and the Arches 
D H, E H, F H, may be confider'd as being of 
the fame bignefs with the Arches D G, E G, 
and F G, which are the meafures of the 
Angles Ac?S, A«S,A^S; which Angles 
are nearly the greatcft Elongation of the 
Earth from the Sun, if the Earth were ob- 
fcrved from the refpeftive Planets, when 
the Line G li V <? A, touches the Eatth's 
Orbit in A. The nearer any of the fupctior 
Planets is to the Sun, the greater isthePa- 
calUx of the Annual Orb> or the Angle 
C under 
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under which the Semidiameter of the Earch s 
Orbit is fccn from that Planet. In Mars 
the Angle A c? S (which is the vifible Elon- 
gation of the Earth feen from Mars^ or 
the Parallax of the Annual Orb feen from 
that Planet) is about 42 degrees 5 and there- 
fore the Earth is always to the Inhabitants 
of MarSy either their Morning or Evening 
Star, and is never feen by them fo far di- 
ftant from the Sun, as we fee Venus. The 
greateft Elongation of the Earth feen from 
Jupiter, being nearly equal to the Angle 
A V S is about 11 degrees. In Saturn the 
Angle A "6 S is but 6 degrees 5 which is 
not much above ^ part of the greateft E- 
longation we obfervc in Mercury. And 
fince Mercury is fo rarely feen by us, pro- 
bably the Aftronomers of Saturn (except 
they have better Opticks than we have) 
have not yet difcovered, that there is fuch 
a Body as pur Earth in the Univerfe, 

The Parallax of the Annual Orb, or the 
greateft Elongation of the Earth's Orbit fccn 
from any of the fuperior Planets, being 
given; the diftance of that Planet from the 
Sun, in refped of the Earth'3 diftance from 
him, may be found by the fame Methods 
as the diftances of the inferior Planets were. 
Thus, to find the Diftance of Mars from 
the Sun, it will be as the Sine of the An- 
gle S c? A is to the RadiuSf fo is the Di- 
ftance A S^ (the Diftance of the Eaith from 

the 
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the ^un) to S ^j the Diftance from the Sun 
to Mars. After the fame manner the Di- 
ftanccs o£ Jupiter and Saturn are alfo found. 
The mean Diftance of the Earth from the 
Sun being made looo, the mean Diftances 
of the fuperior Planets from the Sun are, 
wz. the mean Diftance from the Sun of 

cf 15247 

V 52oi> and theExcentricity 

^ 95383 

To which if you add or fubftraft their, 
mean Diftances, we fhall have the.greateft; "' 
or Icaft Diftances of thofe Planets from the 
Sun. 

There are other Methods, by which the . 
relative Diftances of the Planets might be 
found 5 but that which has been here il- 
luftrated, is fufficient to evince the Certainty 
of that Problem. 

Hitherto we have only confidered thefl^w thi 
Diftances of the Planets in relation to one HV^^'^^ 
another, without determmmg them by zny rf the fu-: 
known Meafure 5 but in order to find thtk^^^^fi^^^ 
abfolute Diftances in forfle determinate Mc^- ^^^^ftttd. 
(ufc, there muft be fomething given, whole 
Meafure is known. Now the Circumference 
of the Earth is divided into 3 ^o Degrees, 
and each of thefe Degrees into 60 Geogra- 
phical Miles, fo that the whole Circum- 
ference contains 2 1 600 5 and by the known 
Proportion for finding the Diameter of a 

C z Circle 
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Circle from its Circumference, the Earth's 
Diameter will be found to be 6872 Miles, 
and its Semidiameter j4j6Milcs. The Pa- 
rallax of the Earth's Semidiameter, or the 
Angle under which it is feen from a certain 
Planet, may be found by comparing the 
true Place of the Planet as it would be fccn 
from the Center of the Earth, (which is 
known by computation) with its apparent 
Place, as it is feen from fome Point on the 
Earth's Surface. Let C Z A be the Earth, 
Z C its Semidiameter, © fome Planet, ani. 
B H T anArch of a greatCircle in theHeavens,. 
at an infinite Diftance. Now the Planet © 
will appear from the Earth's Center C, in the 
Point of the HeavensH; but a Speftator from 
the Point Z, upon the Earth's Surface, will fee 
the fame Objed © in the Point of the Hea- 
vensB; andtheArchBH the Difference is 
equal to the Angle B ©H = Z © C, the To- 
rallaxh which being known, the Side C® 
the Diftance of the Planet from the Center 
of the Earth, at that time, may be cafily 
found. Now if this Diftance of the Planet 
from the Earth be .determined, when the 
Centers of the Sun, the faJd Planet, and of 
the Earth, arc in the fame right Line, we 
have the abfolutc Diftance of the Planet's 
Orbit from the Earth's in known meafurc : 
then it will be, as the relative Diftance be- 
twixtthc Earth's Orbit and that of the Planet, 
is to the relative Diftance of the faid Planoc 
fronci 
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:om the Sun j fo is the Diftance of the 
Planet's Orbit from the Earth's in known 
Meafurc to the diftance of the faid Planet 
from the Sun in the fame Mcafure : Which 
being known, the Diftance of all the other 
Planets from the Sun may be found. For, 
it will be, as the relative Diftance of any 
Planet from the Sun, is to its Diftance from 
him in a known Meafure j fo is the relative 
Diftance of any other Planet from him, to 
its Diftance in the fame Meafurc. This 
may be done by finding rhe Diftance of tiie 
planet Mars, when he is in oppofition to 
jjhe Sun, after the fame manner as we find 
'jhe Diftance of a Tree, or the like, by two 
Stations. 

Let (J" be Mars, D the Point on the 
Eartli's Superficies, where Mars is verrical, 
when he is in oppofition to the Sun, (which 
may be exaftly enough found by calculation) 
at which time let an Obferver, at the Point 
Z. (whofe Situation from D muft be known) 
take the Altitude of Mars, whofe Comple- 
ment will be the Angle c? Z R i then in the 
Triangle (j* Z C will be given the Angle 
,f Z C, the Angle C (whofe Mcafure is the 
rch D Z) and confequently the Angle 
(f C the Parallax, and alfo the Side Z C 
the Semidiameter of the Earth ; by which 
we may find C j' the Diftance of Mars from 
the Earth. The extreme Nicety required 
fa this Obfcrvation, makes it very difficult 
C J to 
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to determine the exad Diftances of the Pla- 
nets from the Sun; but the celebrated Dr. 
Halley has, in the PhilofophicalTranfaaions, 
Ihewed lis a more certain Method for find- 
ing the Diftances of the Planets 5 which is by 
obferving the Tranfit of Venus over the 
Sun, 
Htf» the The Eye judgeth of the Magnitudes of far 
^^''^- diftant Objefts, according to the Quantities 
jUnetsare of the Angles under which they are ic^ix 
d$tirmm% (which are called their apparent Magnitudes;) 
and thefe Angles appear greater or lefs in 
a certain Proportion to their Diftances. 
Wherefore the Diftances of the Planets froirt 
the Earth, and their apparent Diameters 
being given, their true Diameters, (and froni 
thence their Magnitudes) may be found. 
How the Diftances of the Planets may be 
found, has been already Ihewn 5 their ap- 
parent Diameters are found by a Telefcopc^ 
having a Machine fix'd to it for meafuring 
j^ 8^ Angles, called a Micrometer. Let B D, jots: 
the Angle B A D be the apparent Diameter 
of any Planet, and A B, or A D, (which by 
reafon of the great Diftances of the Planets 
in refped of their Magnitudes) may be con- 
Udered as being the Diftance of the.faid 
Planet from the Obferver. Now ih the 
Triangle A B D, having the Sides A B, A D 
given, and the Angle A, we have alfo the 
other Angles B and D, (becaufe the Sides 
A B^ A D are equal) whence the Side B D 

the 
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the Diameter of the Planet may be eafily 
fomnd by Trigonometry, 

From hence it appears, that the fame Body 
at different Diftances, will feem to have 
very different Magnitudes : Thus the Dia- 
meter B D will appear, from the Point E, 
to be twice aS' large as from the Point A, 
It alfo follows, that a fmall Body, when 
at no great Diftance from us, may appear 
to be equal, or even to exceed another at a 
great diftance, tho' immenfely bigger. Thus 
b ^/ appears under the fame Angle, and con- 
fequently of the fame Bigncfs from the 
Point A, that the Line B D doth, tho' one 
vaftly exceeds the other. And this is the^ ^^f 

;; Moon ap- 

Rcafon, why the Moon, which is much lefs pears ii^^ 
than any of the Planets, appears tons vaftly-?*'' *^^^ 
bigger than either of them, and even to equal p/J„^>/ ' 
the Sun himfelf, which is many thoufand 
times greater in Magnitude. 

The Diftances of the Planets, and Periods 
round the Sun, their Diameters and Velo- 
cities round their own Axes, according to 
modern Computations^ are as follow. 
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The Caufc of Ecliffes, and T hafts at 
the Moon, and fome other Phenomena not 
here explained, fhall be Hiewed when wc 
come to gi^^e a Dcfcription of the Orrery. 

Beiidcs the Planets already mentioned, 

there are other great Bodies that ibmetimes 

vilit our Syftem, which are a fort of Tem- 

fotaty Planets s fbi they come and abide 

with 



24 





'ur.m^ 




Sed. X. Of the SolXr Sy'ste'm. 

with us for a while, and afterwards with- 
draw from us, for a certain fpace of Time, 
after which they again return. Thefe wan- 
dring Bodies are called Comets. 

The Motion of Comets in the Heavens, 
according to the beft Obfcrvations hitherto 
made, feem to be regulated by the fame 
immutable Law that rules the Planets : foe 
their Orbits are Elliptical, like thofe of the 
Planets, but vaftly narrower, or more Ex- 
centrick. Yet they have not all the fame 
Direftion with the Planets, who move from 
Weft to Eaft, for fome of the Comets move 
from Eaft to Weft ; and their Otbits have 
different Inclinations to the Earth's Orbit; 
fome inclining Northwardly, others South- 
wardly, much more than any of the Plane- 
tary Orbits do. 

Altho' both the Comets and the Planets 
move in Elliptick Orbits, yet their Motions 
feem to be vaftly different } for the Exccn- 
tricities of the Planet's Orbits arc fo fmall, 
that they dift'er but little from Circles i 
but the Excentricities of the Comets arc 
fo very great, that the Motions of fome of 
them feem to be almoft in ri^ht Lines, tend- 
ing direftly towards the Smi. 

Now, fmcc the Orbits of the Comets ate 
fo extremely Excentrick, their Motions, 
when they are in their 'Perihelion, or neareft 
Diftancc from the Sun, muft be much fwifter 
than when they arc in their Aphelion, or 
fartheft Diftance from him \ which is the 
ceafon 
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rcafon why the Comets make fo fliort a 
ftay fn our Syftem 5 and when they difap- 
pear, are fo long in returning. 

The Figures of the Comets are obferved 
to be very different 5 fome of them fend 
forth fmall Beams like Hair every way round 
them 5 others are feen with a long fiery 
Tail, which is always oppofite to the Sun. 
Their Magnitudes are alfo very different, 
but in what Proportion they exceed each 
other, is, as yet uncertain. It is not pro- 
bable, that their Numbers are yet known, 
for they have not been obferved, with due 
Care, nor their Theories difcovered, but of 
late Years, The Ancients were divided in 
their Opinions concerning them ,• fome ima- 
gined that they were only a kind of Me^ 
teors kindled in our Atmofphere, and were 
there again diffipated i others took them to 
be fome omyious Prodigies. But modern 
Difcoveries prove, that they are Worlds 
fubjcft to the fame Laws of Motion as the 
Planets are : and they muft be very hard . 
and durable Bodies, elfe they could not bear 
the vaft Heat, which fome of them, when 
they are in their Teriheliay receive from the 
Sun, without being utterly confumed. The 
great Comet which appeared in the Yean 680, 
was within ^ part of the Sun's Diameter from 
his Surface ; and therefore its Heat mufl be 
prodigioufly intenfe beyond imagination. 
And when it is at its greateft diflance from 
the Sun, the Cold muft be as rigid. 

SECT. 
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Of the Fixed Stars. 

TH E fixed Stars arc thofe bright and 
fhining Bodies, which in a clear Night 
appear to us every where difperfed through 
the boundlefs Regions of Space. They arc 
term'd fixed, becaufe they arc found to 
keep the fame immutable Diftance one from 
another in all Ages, without having any of 
the Motions obferved in the Planets. The rhefixeJi 
fixed Stars are all placed at fuch immenfe ^^^!^ ^^* 
Diftances from us, that the beft of Tele- jijiance 
fcopes reprefent them no bigger than Points, fi''^^ «^- 
without having any apparent Diameters. 

It is evident from hence, that all the Stars 3!!f ^VJ 
are luminous Bodies, and fhine with their lumimu: 
own proper and native Light, elfe they ^f^^^^^^^ 
could not be fcen at fuch a great diftance. 
For the Satellits of Jupiter ahd Saturn^ 
tho' they appear under confidcrable Angles 
through good Telefcopes, yet are altogether 
invifible to the naked Eye. ^« ^^ 

Although the Diftance betwixt us and the ^^Z^tl 
Sun is vaftly large when compared to the sun isn 
Diameter of the Earth, yet it is nothing ^J^jLjiJ 
when compared with the prodigious Diftance of the a/. 
of the fixed Stars $ for the whole Diameter ^J^ 
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of the Earth's Annual Orbit, appears from 
the neareft fixed Star no bigger than a Point, 
-J^ and the fixed Stars are at leaft 1 00,000 times 

farther from us than we are from the Sun 5 
gs may be demonftrated from the Obferva- 
tions of thofc who have endeavoured to 
find the Parallax of the Earth s Am^ual Orb, 
or the Angle under which the Earth's Orbit 
appears from the fixed Stars. 
As to ap* Hence it follows, that tho' we approach 
pMrance, ncaicr to fomc fixed Stars at one time of the 
^^,^^^.Year than we do at the oppofite, and that 
fider'd as by the whole Length of the Diameter of the 
the^cmre^^^^^'^ Orbit 5 yet this Diftancc being fo 
rfthe Hea- fmall in comparifon with the Diftance of the 
%0its. fixed Stars, their Magnitudes or Pofitions 
cannot thereby be fenfibly altered. There- 
fore we may always, without Error, fup- 
pofe ourfelves to be in the fame Centre of 
the Heavens, fince we always have the fame 
vifible Profpe£t of the Stars without any 
Alteration. 

If a Spedator was placed as near to any 
fixed Star, as we are to the Sun, he would 
there obferve a Body as big, and every way 
like, as the Sun appears to us 5 and our Sun 
Warfare would appear to him no Wggcr than a fixed 
s^ns. Star : and undoubtedly he would reckon the 
Sun as one of them in numbring the Stars. 
Wherefore fince the Sun difFcreth nothing 
from a fixed Star, the fixed Stars may be 
reckoned fo many Suns. 

It 
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It is not reafonableto fuppofethat all the 
fixed Stars are placed at the fame diftance 
from us ; but it is more probable that they ^* /*"' 
are every where interfperfcd thro' the vaftf,*"aji" 
indefinite Space of the Unlverfe ; and that C'T^an^ 
there may be as great a Diflancc betwixt any ^"^^^ 
two of them, as there is betwixt our Sun and 
the neareft fixed Star. Hence it follows, why 
they appear tous of different Magnitudes, not 
becaufe they really are fo, but becaufe they 
are at different Diftanccs from us ; thofc 
that are neareft, excelling in Brightnefs and 
Luftrc thofe that are more remote, who give 
afainter Light, and appear fmaller to the Eye. 

TheAftronomersdiftribute theStars into fe- iht Di^ri 
veral Orders or Claffcs ; thofe that are neareft ^f'°" "-^ 

J i_ ■ I n. T T- the Start 

tous, and appear brighteft to the Eye, zrchtofix 
called Stars of the firft Magnitude 5 thofc'^'"/"- 
that are neareft to them in Brightnefs and 
Luftre, are called Stars of the fecond Magni- 
tude; thofe of the third Clafs, are ftilcd Stars 
of the third Magnitude ; and fo on, until we 
come to the Stars of the fixth Magnitude, 
which are the fmalleft that can be difccrned 
by the naked Eye. There arc infinite num- 
bers of fmaller Stars, that can be feen through 
Telefcopes i but ihefc are not reduced to 
any of the fix Orders, and are only called^ 
Telefcopical Sxzxs. It may be here obferved,^*^'; 
that tho' the Aftronomers have reduced all 
the Stars that are vifible to the naked Eye, 
into fomc one or other of thcfe Clafles j yet 
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wc are not to conclude from thence that all 
the Stars anfwer exaftly to fbme or other of 
thefe Orders 5 but there rnay be in reality 
as inany Orders of the Stars as they are in 
Number, few of them appearing exaftly of 
the fame Bigneft and Luftre. 

The ancient Aftronomers, that they 
might diftinguifh the Stars, in regard to their 
Situation and Pofition to each other, di- 
vided the whole ftarry Firmament into feve- 
ral Ajlerifms^ or Syftems of Stars, confift- 
ing of thofc that are near to one another. 
?£'' '^^^^^ Afterifms are called ConftellationSy . 
into Con- and are digefted into the Forms of fomc 
fieiiatiom. Animals, as Men, Lions, Bears, Serpents, 
&c. or to the Images of fome known things, 
as of a Crown, a Harp, a Triangle, (^c. 

The Starry Firmament was divided by 

the Ancients into 48 Images or Conftella- 

tions 5 twelve of which they placed in that 

part of the Heavens wherein are the Planes 

of the Planetary Orbits 5 which part is 

zoJiack. called the Zodiack, becaufe moft of the 

Conftcllations placed therein refcmble fome 

living Creature. The two Regions of thq 

Heavens that are on each fide of the Zodi^ 

acky are called the North and South parts of 

the Heavens. 

confliiu- The Conftcllations within the Zodiack^ 

*^th!%'^rc, I. jiriesj the Ram^ 2. Taurus, the 

^ck. BuUh 3. Geminiy the Twins -^ 4. Cancer^ 

the Crab j 5 . Leo^ the Lioth i 6. Virgo, the 

Virgin i 
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Virgin i j. Libra, the Ballance; 8. ScoTpk_ 
the- Scorpion -, 9. Sagittarius ^ the Archer ; 
10. Capricornus, the Goat} 11. Aquarius, 
the IVater-Bearer i and, iz. Tifces, the 

The Conftelktions on the North SideS'^j^f;" 
of the Zodiack are Twenty One, f/s.fjj 
the Xi/^/<? .S^i?r; the Grf^r 5f<2r; the 
dragon, Cepheus, a King of Ethiopia , 
Bootes, the Keeper of the Bear-, the 
Northern Crown ; Hercules with his 
Club, watching the 'Dragon i the i:/dr^ ; 
the S-wan 5 Caffiopeia ; "^Perfeus ; Androme- 
da; the Triangle h Auriga; Tegafus, or 
the Flying Horfe ; Equuleus i the ''Dolphin ^ 
the Arrows the Eagle ; Serpentarius ; and 
the Serpent. 

The Conftellations noted by the Ancients ^''"'^'^ 
on the South Side of the Zodiack, were,/,„/ ' 
fifteen,iJ/s. Tlie Whale-, the River Eridanus, 
thcHarCi Orion; thtGreafDogi Little 
*Dogi the Sliip ^r^i? i Hydra; thti Centaur; 
the Cup i the Crow ; the /^o//^; the Altar ; 
the Southern Crown > and the Southern Fi^j. 
To thcfe have been lately added the follow- 
ing, 'viz. The 'Phejiix: the Crane; the 
Peacock i the Indian ; the £/r(^ o/" ^ar^- 
<i//f; ihc Southern Triangle; thtFly; Ca- 
meleon ; the Flying Fijh ; Toucan, or the 
American Goofe ; the /Ki/fr Serpent-, and 
the Sword Fijh. The Ancients placed chefc 
particular Conftellations or Figures in the 
I Heavens, 
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Heavens, cither to tommcmorate the Deeds 
of fome great Man,or of fomenotaWeExplok 
or Aftion 5 or elfe took them 4rom the 
Fables of their Religion, &c. And the 
Modern Aftronomers do ftill retain them, 
to avoid the Confufion that would arifeby 
making new ones, when they compared the 
modern Obfervations with the old ones. 

Some of the principal Stars have parti* 
cular Names given them, as SyriuSy AtBu^ 
TUSy &€. There arc alfoleveral Stars that 
are not reduced into Conftellations, and 

VnformU thefe are called Unformed Stars. 

Stan. Befides the Stars vifible to the naked Eye, 

there is a very remarkable Space in the Hca- 

ThiGaiaxy y^iis. Called the Galaxy^ or Milky Way. 

w^!^^^ This is a broad Circle of a whitifh Hue, 
like Milk, going quite round the whole 
Heavens 5 and confifting of an infinite Num- 
ber of fmall Stars, yifible thro' a Telefcopc, 
tho' not difcernible by the naked Eye, by 
reafon of their exceeding Faintnefsj yet 
with their Light they combine to illuftratc 
that part of the Heavens where they are, 
and to caufe that fhining Whitenefs. 

The Places 6f the Fixed Stars, or their 
relative Situations one from another, have 
been carefully obferved by Aftronomers, 
and digefted into Catalogues. The firft a- 
mong the Greeks^ who reduced the Stars 
into a Catalogue, was HypparcuSy'whOyivom 
his own Obfcrvations, and of thofe who 

livc<l 
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lived before him, infcrtcd 1022 Stais into 
his Catalogue, about 120 Years before the 
Chriftian ci^ra: This Catalogue has been 
fince enlarged and improved, by feveral 
learned Men, to the Number of 3000; of 
which there arc a great many Telefcopical, 
and not to be difcerned by the naked Eye ; 
and thcfc are all ranked in the Catalogue, 
as Stars of the fcventh Magnitude. 

It may feera ftrange to fomc, that there arc 
no more than this Number of Stars vifible 
to the naked Eye j for fomctimes in a clear 
Night, they feem to be innumerable. But 
this is only a Deception of our Sight, arifing 
from their vehement fparkUng, while we 
look upon them conflifedly, without re- 
ducing them into any Order i for there can 
feldom be feen above 1000 Stars in the 
whole Heavens, with the naked Eye at the 
fame time 5 and if we Ihould diftindtly view 
them, wc (hall not find one but what is 
infetted, upon a good Celefiial Globe. 

Altho' the Number of Stars that can be 
difcerned by the naked Eye, arc fo few, yet 
it is probable there are many more which 
are beyond the reach of our Opticks ; for 
thro' Tclcfcopcs they appear in valt Multi- 
tudes, every where difpcrfcd throughout the 
whole Heavens ; and the better our GiafTes 
are, the moteof them weftill difcovcr. The 
ingenious Dr. Hook has obfervcd 7S Stars in 
the Tkiades, of which the naked Eye is 
D nevcc 
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never able to difcern above 7 \ and in O- 
rion^ which has but 80 Stars in the Brit i jib 
Catalogue, (arid fome of themTelefcopical) 
there has been numbered zooo Stars. 
^^4(/ xhofe who think that all thefc glorious 
'utrfe. Bodies were created for no other purpofe, 
than to give us a little dim Light, muft enter- 
tain a very (lender Idea of the Divine Wif- 
domi for wc receive more Light from the 
Moon it felf, than from all the Stars put 
together. And fince the Planets are fub- 
jcft to the fame Laws of Motion with our 
Earthy and fome of them not only equal, 
but vaftly exceed it in Magnitude, it is not 
unreafonable to fuppofe, that they are all 
habitable Worlds. And fince the Fixed 
Stars are no ways behind our Sun^ cither 
in Bignefs or Luftrcs is it not probable, 
that each of them have a Syftem of VlanC' 
tary Worlds turning round them, as we do 
round our Sun ? And if we afcend as far. 
as the fmalleft Star we can fee, fhall we not 
then difcover innumerable more of thefc 
glorious Bodies, which now arc altogether 
invifible to us ? and fo ad infinitum^ thro* 
the boundlefs Space of the Univerfe. What 
a magnificent Idea mult this raife in us of 
the divine Being! Who is every where, 
and at all Times prefent, difplaying his Di- 
vine Power, Wifdom and Goodnefs amongft 
all his Creatures ! 

The 
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The DESCRIPTION and USE 

of the Celestial and Ter- 
restrial Globes, 

i Globe or Sphere is a round foUd^^,Y' 
1 Body, having every part of its Sur- ' 
face equally diftant from a Point 
within it, called its Cfs^fri and it 
may be conceived to be formed by the 
Revolution of a Semicircle round its Dia- 
meter. 

Any Circle paflifig through the CentCf 
ofthc Sphere, thereby dividingintotwoequal 
Parts or Segments, is called a (jreat Circle -jcircU. 
and the Segments of the Sphere fo dividedj 
arc called Hemifjiheres. f^^j^^ 

Every Great Circle has its Poles and Axis. 

The "Poles of a Great Circle, arc t\vo^'^«- 
Points on the Surface of the Sphere diame- 
trically oppofite to one another, and every 
where equally diftant from the laid Circle. 

The Axis of a Circle is a right Linc^iij 
pafling through the Center of the Sphere, 
and through the Poles of the faid Circle j 
and is therefore perpcndiculaj to the Plane 
thereof. 
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All Circles pafllng through the Poles of 
any great eirclc, interfed if in two Places 
diametrically oppofite, and alfo at right An- 
gles 5 and with refpeft to the faid Great Cir- 

^(UrUs. ^^^9 they may be called its Secundaries. , 
All Circles dividing the Sphere into two 

v/iraiiei uncqual Parts, are called lejfer or pdrallel 

circi'^ C/rr/ifx, and are ufually denominated by that 
Great Circle, to which they arc parallel. 

The Earth being globujar, its outward 
Parts, as the feveral Countries, Seas, e^c. 
arc beft, and moft naturally reprefented up- 
on the • Superficies of a Globe 5 and when 
fuch a Body has the outward Parts of the 
Earth and Sea delineated upon its furface^ 
and placed in their natural Order and Situ- 

TerrejirUl ation, it is callcd a Terrejlrial Globe. 

Giohi. The Celeftial Bodies appear to us^'as if 
they were all placed in the fame Concave 
Sphere 5 therefore ■ Aflxonomers place the 
Stars according to their refpedive Situations 
and Magnitudes i and ^^^o the Images of the 
Conftellations, upon the external Surface 
of a Globe ; Ifor it aofwers the fame pur- 
pofes as if they were placed within a con- 
cave Spheres if we fuppofe the Globe to 
be tranfparcnt, and the Eye placed in the 
Center. A Globe having the Stars placed 
upon its Surface, as above defcribed> is 

^Gio£^^ called a Celeftial Globe. Thefe Globes are 
both placed in Frames, with other Appur- 
tenances, as fhall be dcfcribed in a proper 
place. The 
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The principal Ufcsof thde Globes, (be-JJS" 
fides their fcrving as Maps, to diftinguilh,^, Q^^iX. 
the outward Pirts ofthe Earth, and the Si- 
tuations of the Fixed Stars) is to explain and 
refolvc the Phainomcna arifing from the 
diurnal Motion of the Earth round its Axis. 

It has been fhewcd in the Introduflion, 
that the Diftancc of the Earth from the Sun, 
is no more than a Point, when compared 
with the immcnfe Dirtance of the Fixed ji,„ ^jn 
Stars; therefore let the Earth be in whui'i/'ifi 
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fame Profpeft of the Heavens, as a SpeftatoriMr;,»v&<- 
would obfcrvc did he rciide in the Sun ■f"'J''\ 
and if fevcral Circles be imagined to p^CsiefUciJ 
thro' the Center of the Earth, and others,*" '*' 
parallel to them, be conceived to pafs thro' ?7a« s'wi. 
the Center of the Sun, thefe Circles in the 
Heavens will feem to coincide, and to pafs 
exadly thro' the fame Stars. Wherefore as 
to the Appearancesof the Fixed Stars, it is 
indifferent whether the Earth or the Sun be 
made the Center of the Univerfe. But 
becaufe it is from the Earth that we always 
obfervc the Celeflial Bodies, and their ap- 
parent Motions feem to us to be really 
made in the Heavens, it is more natural in 
explaining the Phenomena atifing from 
thefe Motions, to place the Earth in the 
Center. And again, becaufe the Semidia- 
mcter of the Earth, when compared to her 
Diftancc from the Sun, is of no fcnUble 
D 3 Mag- 
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M^itude^ any Point upon the Earth's Sar^ 
faci, let her be in what Part foevcr of het 
Orbit, tnay be conftdercd as being the 
Center of the Univerfe. Upon thefe Prin-* 
ciples, the different Phenomena ariftng 
from the diurnal Motion of the Earthy and 
the different Situation of a Spe£tator upon 
its Surface, are very naturally illuftrated 
and explained by the Globes. 

As to the Alterations of Seafons^ &c. 

arifing from the annual Motion of the Earth 

toiind the Sun, it is indifferent which wd 

fuppofe to move^ the Earth, or the Sun^ 

for ia both Cafes the Effed will be the fame : 

Whcrpforc becaufe it is the Sun, that appears 

to us to move, we fay the Sun is in fuch 

a Part of the Ecliptick, without attributing 

any Motion to the Earth, any more tfa^i^ 

if fhe had adually been at reiV, For iho 

iame ^afon we fay, the Sun rifes, or tbd 

Sun feis 5 by wiiicli we mean, that he begins) 

to appear or diiappear, without c(»if<dcring 

in the leaft how thefe Effects are produced* 

Thefe things ^re here inention'd, to obviate 

the Objcdions that arp fometimes made 

by Beginners, after they bad bereft told thatf 

^ Sun ftacids MU 
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S E C T. I. 

^« Rxplanatiofi of the Circles of the 
Sphere and of fome Ajironomkal 
'Terms arifing therefrom. 

IN order to determine the relative Si- 
tuations of Places upon the Earth, as 
well as the Pofitions of the Fixed Stars, 
and other Celcftiai Phenomena ; the Globe 
of the Earth is fuppofed to be environ'd by 
feverai imaginary Circles, and thcfe arc 
called, the Circles of the Sphere. Thcfc ^"^''■''i 
imaginary Circles arc either fixed, and al-^{^4n 
■ways obtain the fame Pofirion in the Hea- 
vens; or moveable, according to the Pofitton 
of the Obferver. 

Thofc Circles that are fixed, owe their 
Origin to the twofold Motion of the Earth ; 
and are the Equator^ the Ecliptkk, with 
their Secundaries, and '^Paratlds. Thefc 
fixed Circles arc ufually delineated upon 
the Surface of the Globes. 

The moveable Circles are only the Ho- 
tizon, its Secundaries and Parallels : Thefe 
arc reprefentcd by the Wooden Frame, and 
the Brafs Iting, wherein the Globe is hung, 
and a thin Plate of Brafs to be fcrcwed in 
D 4 a 
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a proper Place upon the faid Ring, as Oc-» 
cafion requires. 

I. Of the EquinoStiaL 

The Equa' I. Thc Equatar or the Equino^ial, is that 
tor or E' Great Circk in tlieHcavens, in whofe Plane 
^mnp lA . ^1^^ Earth performs its diurnal Motion round 
its Axis 5 or it is that Great Circle, parallel 
to -which the whole Heavens feem to turn 
round the Earth from Eaft to Weft in 2^ 
Hours. 

NotCy The Equator and the Equinodial 
are generally fynonimous Terms 5 but fomc- 
times the Equator particularly fignifies that 
Great Circle upon thc Surface of tlic Earth, 
which coincides with the Equinoftial in jhc 
Heavens. This Circle is alfo by Mariners 
commonly called the Line. 

The Equinodial divides the Globe of thc 

Northern Earth, and alfo thc whole Heavens into two 

ThtrnHe- ^q^^l Patts, North and South, which arc 

mifpherts. called thc Narthern and Southern H^mi" 

fpheres. The Axis of this Circle is Lcsflicd 

The AxU the j4xis of the Worlds or the Earth's AxiSj 

ivlrid. bccaufe the Earth revolves about it (from 

Weft to Eaft) in 24 Hours. The Extremes 

Tdtioftht^^^^^ Axis arc called thc ^oles pf thc 

Worii, er Worldy whereof that which lies . in thc 

iJmt^' Northern Hemifpherc, is called thc Untb 

Toki and the other is callcdthc Samb^oie^ 

The 
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The Equinoctial Circle is always deline- 
ated upon the Surface of each Globe, with 
its Name at length exprcflcd ; the Axis of 
this Circle or the Earth's Axis, is only an 
imaginary Line in the Heavens, but on the 
Globes it is exprefied by the Wires about 
which they really turn. The Poles of the 
World are the two Points upon the Surface 
of the Globe through which thefe Wires 
pafs i the North Pole is that which hath the 
little brafs Circle, with a moveable Index 
placed round it i and the other oppofite to it, 
is the South Pole. The Northern Hcmi- 
fphcre is that wherein the North Pole is 
placed, and the oppofite one is the Southern 
Hcmifphere. 

The Aftronomers divide all Circles into 
3 60 equal Patts called degrees, each De- 
gree into 60 equal Parts called Minutesy 
each Minute into 60 Seconds, ^c. But be- 
fides this Divifion into Degrees, the Equir 
noiftial is commonly divided into 24. equal 
Parts or Hours^ each Hour into 60 Minutes, 
each Minute into 60 Seconds, &c. fo that 
one Hour is equal to 15 Degrees, each Mi- 
nute of Time is equal to i j Minutes of a De- 
gree, ^c. 

2. All Circles conceived to pafs through 
the Poles of the World, inrcrfc£i:ing the 

Equinoftial at Right Angels, are with rc-^ 

fped to any Point in the Heavens cM'dcti, »/ a. 
Hour Circles i andaifoC/rf/(?J oi jifcenJionJ"''[^^1^^^ 

be- Mtrtdiitni, 
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becaufc the Afccnfion of the Heavenly Bcv 
dies, from a certain Point, are by them de- 
termined. 

Thefe Circles arc alfd with regard to 
Places upon the Earth, call'd Meridians. 

The Meridians arc commonly Arawn up-^ 
ton the Terreftrial Globe thro* every i s De- 
grees of the Equinodial, thereby making an 
Hour difference betwixt the places through 
which they pafs. On the Celeftial Globe 
there arc commonly drawn but two of 
thefe Meridians crofling the Equinodial in 
four Points equidiftant from one another, 
thereby dividing it into four Quadrants i 
but the intermediate ones are here fupplied, 
and alfo upon the Terreftrial Globe, by the 
Brafs Circle in which they are hung, which 
The Brafs \s thcrcforc Called the Brap Meridian j and 
MtrHun, fomctimcs only the Meridian i it (erving for 
this purpofc to all the Points upon either 
Globle. 

There is alfo a little Brafs Circle fixed up* 
on this Meridian, divided into 2+ Hours, 
having an Index moveable round the Axis of 
the Globe to be turned to any particular 
Hour. The Ufe of this Circle is to fliew 
the difference of Time betwixt any two 
The Hour Mctidians, and is therefore called the Hour 
Circle, Circle. 

3. All Circles parallel to the Equinoiftial, 

arc with refpcft to any Point in the Hea- 

l^nl^v' vcns, called Taraltels of Dedinatioh. So 

ihn. that, 4« * he 
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4. The 'Deciinaiim of any !P(j/«? In the 
Heavens {^s o( the San, i fixed Sfai, or the 
like) is an Arch of the Meridian pafling 
through that Point, and intercepted betwixt 
it and the Equator : and if the laid Point be 
L fNcrthwardX r.u v » ■. - 

Of the Parallels of Declination, four"^ 
are eminently dirtinguifhed by parriciilar 
Names, viz. The two Trffpicks, and the two Trophh 
"Polar Circles, cLuf" 

5, The Tropicks «c on different fides of 
the Equator, each 23 Degrees and 29 Mi- 
nutes diftant from it ; that which lies in the 
Northern Hemifphcrc, is called the TropickTtopick >f 
ef Cancer; and the Southern one, the '^''O-^^"^^ 
fick of Capricorn. com. ' 

Thefe Circles arc the Limits of the Sun's 
greatcfl: Declination, and are called Tro- 
picks, becaufe whenever the Sun arrives to 
them, he feems to return back again towards 
the Equator. 

6. The yo/ar Circles arc each of them 
at the fame diftance from the Poles of the 
World, that the Tropicks are from the 
Equator, TO^;. 23° 29'. That which lies near > 
the North Pole, is called the ArHick Circle, Arauk ' 
from Ar£{os a Conftellation fituatcd in thc^'''^'f- 
Heavens near that Place; whence alfo this 

Pole is fomctimcs called the Arifick Tole. '*'f '"^t 
The'*''- 
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The other Polar Circle which is fituatcd 
near the South Pole, is called the Ant ar Hick 
Circle*:^ becaufe its Pofition is contrary to 
the other : And the South Pole is fomc- 

'Antarmck^^^^^ called the Antar6fick Tole, 
circli. The Tropicks and the Polar Circles have 
each their Names exprefled upon the Globes. 

n. Of the Ecliptick. 

MtUftkk '^^ '^^^ Ecliptick is that great Circle in 

' whofe Plane the Earth performs its annual 

Motion round the Sun 5 or, in which the 

Sun fecms to move round the Earth once in 

a Year : This Circle makes an Angle with 

the Equinoctial of 23 Degrees 29 Minutes ^ 

and interfefts it in two oppofitePoints,which 

2^^. are called the Equinoifial Taints 3 and the 

tmlT$mn.^^Q Points in the Ecliptick th'at are at the 

grcatcft diftance from the Eqyinodial Points^ 

^UM are called the Soljiitiai Taints. The two 

fOnfs. Meridians pajping through thofe Points, 

c^luns. ^^9 ^y ^^y ^^ EminencCji called Calures 5 

whereof that which paffeth thro' the Equi- 

xqtmH" noftial Points is called the Equina£iial Ca- 

tuucontri.^^^^ ; and that which is at Right Angles to 

it, pafling through the SoUtitial Points, is 

gg;*^ called the Soljiitiai Calure. 

7bi Mciip' The Ecliptick is divided into 12 equat 

tjckdivi' pj^fi-g czllcd Signs J each Sign being 3oDc^ 

si^n^ * gtccs, beginning from one of the Equino^ial 

Points, and numbered from Weft to Eaft : 
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the Names and Chara£lers of the 12 Signs 

are as follow : viz, 

Ariel, Tiftrui, Gtrnttii, Cancer, Lee, Virgt} 

t.T ».H 3-11 4-ffi f-'a ^m 

Liira^ Scorpio, Sagiltarim, Cxfricornm, jiquarius, Fifeti. 

7. x^ 8. % 9. / <o- Xf "■ sa ■». K 

The firft fix of thcfe are called the Nor- Nonhtn 
thern Signs, and poffefs that half of thc^'^^' 
Ecliptick which is to the Northward of the 
Equator; beginning with the firft Point of 
T, and ending with the laft Point of to- 

The latter Six arc called the Southern smttbtrm 
Signs, becaufe they polTefs the Southern '^'^■ 
half of the Ecliptick, beginning at the firft 
Point of ^ ,and ending with the laft Point of )^. 

The Divifion of the Ecliptick into Signs, 
and the Names of the Colurcs, are particu- 
larly cxpreffed upon the Globes. 

The Signs of the Ecliptick took their 
Names from 12 Conftcllations mentioned 
in the Introduction to be fituatcd in the 
Heavens near thofe Places. It is to be ob- 
ferved, that the Signs are not to be con- 
fovmded with the Conftcllations of ihe fame 
Name : For the Sign of Aries is not the 
fame with the Conjiellation Aries ; the lat- 
ter is a Syftem of Stars digcfted into the 
Figure of a Ram ; but the Sign of Aries is 
only JO Degrees of the Ecliptick counted 
from the Equinoiliat Point r, (which is 
reckon'd the firft Point in the Ecliptick) to 
the beginning of Taurus: Or> it is fomc- 
timcs taken for all that fpace upon the Cc- 
kflial 



4.6 T!he Defcription and Ufi 

leftial Xjlobc contamcd between the two 
Circles paffing through the firft Points of 
r and V . What has been here faid of Ariety 
is to hz noted of all , the reft of the Signs* 

The ConftellatioQS above mentioned were 
formerly fituated within the Signs which 
now bear their Names 5 but bjr a flow Mo* 
tidn of the Equinoftial Points, being one 
Degrecin 7 a Years, the ConftcUation yfr/« 
has now got into the Sign «, and fo of the 
reft. So that Tifces is now got into the 
Sign of r ; this flow Motfon in the Heavens 
is called the Trecefflon ef the Equinoxes. 
By this Motion, that Star which we now 
call the Tok Star will in procefs of time be 
E^i7f(ick.'io the Southward of Lendan. 

The Toles of the Ecliptick are both litn- 
ated in the Solftitial Coluye, at 25 Degrees, 
29 Minutes diftance from the Pole of the 
World ; and they take their Dcnominaitidn 
from the Hemifphere wherein they are placed, 

^tz. that which lies in the ^ ^ , > Ho- 

mifphcre, is called the i c ^.u r ?^ ^ 

the Ecliptic^. The Arajck and Antarfticfc 
Circles are defcribed by the Poles of the 
Ecliptick in the Diurnal Motion of the 
Earth round its Axis, whence it fceais thefc 
two Circles are called Tolar. 

8. All Great Circles paffing through the 
Poles of the Ecliptick, and confeqttcntly 

2 in* 
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interfering it at right Angles) arc called ^^^^^'.^ "f 
Circles of Longitude : So that, ''"^"" '* 

9. The Longitude of any Teint in the ungnHit 
Heavens, (as a Staroi'Planet, &c.) isanArch '("^^^^l 
of the Ecliptick contained between the 
Circle of Longitude palling thro' that Point, 
and the Equinoftial Point r . And that de- 
gree of any Sign which lies under the Cir- 
cle of Longitude, paifing thro' any Star or , , 
Planet, is called the 7Uce of that Star or st^. 
Planet. 

Note, The Sun never goes oat of the 
Ecliptick, and it i£ not ufual to fay the 
Sun's Longitude, but we commonly ex- 
prefsit thctyjKBj P/iZr^, which is that Sign, 
Degree, Minute, ^c. of the Ecliptick, 
which he at any time poffcfles. 

10. All Circles conceived to be drawn 
parallel to the Ecliptick, arc called "Parallels 
of Latitude : So that, 

11. The Latitude of any Point in the J'^^^'^-J^J 
Heavens (as a Fixed Star, t^r.) is an Arch " ""'' ^ 
of the Circle of Longitude, paffing thio' 
that Point, and intercepted betwixc it and 
the Ecliptick i or, the Latitude is the Di- 
ftancc from the Ecliptick : An4 if the faid 
Point be to the Northward of the Eclip- 
tick, it is called North Latitude ; bur if ir be 
to the Southward, it is called SouthLatitiidc. 

Upon ihc Terrejirial Globe none of the 

Circles of Longitude arc dcfcribed; and 

upon the Celeflial, they are commonly 

drawn 
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drawn thro' the beginning of every Sign ; 
but they arc all fupplied upon both Globes, 
by faftcning a thin Plate of Brafs over one 
of the Poles of the Eclipricfc, and fo as to 
be moved to any Degree thereof at plea- 
fure. The Parallels of Latitude arc alfo 
fupplied by the Graduations upon the faid 
Plate, as fiiall be rticwed in a proper place. 
We have now done with all thofe Circles 
that are Fixed, and fuch as arc drawn upon 
the Globes themfelvesi we next proceed to 
the Moveable Circles. 

III. Of the Horizon. 

'■ 1 2. The Horizon is that Great Circle 
which divides the upper or vifiblc Hemi- 
fphere of the World, from the lowcc or 
invifible : This Circle is diftinguifhed into 
two Sorts, the Senfible and the Rational. 
The Senfible or Apparent Horizon is that 

' Circle which limits ot determinates our 
Profpedt, whether we are at Land or Sea, 
reaching as fat as wc can fee 1 or it is that 
Circle where the Sky, and the Eaith ot 
Water feem to meet. When we arc on 
Terra Firtna, this Circle commonly feems 
rugged and irregular, occafion'd by thcun- 
evenncfs of the Ground terminating out 
Profpcft ; but at Sea there arc no fuch Irre- 
gularities. The Semidiametcr of this Circle 
varieth according to the heigUthof the£yc 
2 of 
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of the Obfervcr j if a Man of iix foot high 
flood upon a large Plain, or the Surface of the 
Sea, hccouldnot fee above tbrccMilcsround. | 

This Circle determines the Rifing and • 

Setting of the Heavenly Bodies, and diflin- 
guifhes Day and Night. 

The Rational or True Horizon is a great SAthwi 
Circle paffing thro' the Center of theEarth"^"'""- 
parallel to the fcnfiblc Horizon, being di- 
ftant from it by the Earth's Semidiametcr, 
which is about 3980 Miles; This Diftance 
is nothing in comparifon of the immenfc 
Diftance of the Sun and the Fixed Stars, [ 

therefore Aftronomers make no diftinftion 
between thefe two Circles, but confidcr the • 

apparent Horizon, or that wherein the Sun 
appears to rife and fct, as palling thro' the 
Center of the Earth. 

This Circle is divided by Aftronomers 
into four Quadrants, and eachofthcfe Qua- 
drants into 90 degrees, &c. The four Points 
quartering this Circle arc called tiicCartHnalcarJinai 
Toints^ and arc termed the Ea[i, IVeft^^f^'^^^ 
North and South. The Eajl is that Point^n. "' ' 
of the Horizon where the Sun tifcs when 
he is in the Equinodial, or on that Day 
when he afcends above the Horizon exactly 
at fix o' Clock i and the Wefi is that Point 
of the Horizon which is direftly oppofitc 
to the Eaft, or where the Sun lets when he 
is in the Equinodlial. The South is 90 de- 
grees diftant from the Eaft and Weft, and 
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is towards that part of the Heavens wherein 
the Sun always appears to us in Great Bri^ 
tain at Noon 5 and the North is that part 
6f the Heavens which is diredly oppofitc 
to the South. Or the North and South 
Points of the Heavens may be found, by 
turning your felfdirediy either towards the 
Eaft or the Weft : If you look towards iJifc 

Hand, and the <q ^. >to the Left. 

Tmts $f Befides the aforementioned Divifion 6f 

\^^^"^' the Horizon into Degrees, Mariners divide 
It into 3 2 equal Parts, which they call the 
Joints of the Compafs j to each of which 
Points they give a particular Name, com- 
pounded of the four Cardinals, according t^ 
\vhat Quarter of the Compafeis intended. 

The Center of the Horizon is the Placb 
of Obfcrvation, ^nd the Poles of it are, one 

ztnith. cxadly over our Heads, called the Zenith'h 
and the other cxadly under our Feet, called 

Jiiadir. the Nadir. 

13. All Circles conceived to pafs thro' 

Circle!' ^^^ Zenith and Nadir, arc called Vertical 
Circles^ or Azimuths. Of thefe • Circles, 
that which paffes thro' the North and South 

MerUian. Points of the Horizon, is called the Aleri- 
dians fo that when any Objed is upon 
jthe Meridian, it then bears either due South 

juimuth. or due North from us 5 and the AziwuPh of 
^ any 
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Any Objed, is an Arch of the Horizon inter; *" 

jceptcd betw.Gen the Vertical Circle paffing 
thro* it, and cither the North or South 
Part of the Meridian 5 which Part is com- 
monly fpccifted. 

The Meri4ian paffes thro' the Poles of the 
World, as well as thro' the Zenith and Na* 
^ir, and therefioire is a Secimdary both of the 
EciuinoftiaJ and the Horizon : This Cirqle di- 
vides the Globe into the Eafiern and Weft em 
Hemifpheres 5 and the Toles of it are the 
JS^aft and Weft Points of the Horizon. All 
the Heavenly Objeds arc during one half 
^of their Continuance above the Horizon, in 
^he Eaftern Fiemifphcre, and for the other 
jialf in' the Wcftern ,• fo that whenever the 
.Sun arrives upon the upper part of the Me- 
ridian, it is then N.o(m or M^ddayy which 
,is the reafon why this Circle is called the 
^Meridian 5 and when he conies to the lower 
part, it is then Midnight. 

Jhe Vertical Circle palling thro' the Eaft 
and Weft Points of the Horizon, is called 
the Tfime Vertical, or Circle of Eaft and^f'J'^^^ 
.Weft: fo that when any Objed is upon this ^'^ ' ,. 
..Circle in the Eaftern Hemifphere, it appears 
4uc Eaft 5 and if it be in the Wcftern Hemi- 
fphere, it appears due Weft. 

Ttut Degree in the Horizon wherein any 

Objcft rifes or fcts from the Eaft or Weft 

Points, is called the Amplitude ^ which {otAmfUtiak 

jRifing is .galled Amplitude Orti've, and 

/ E * Or- 
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Occajive for Setting ; which rauft be alfo 
denominated, whether it be Northerly or 
Southerly. 

It may be obfcrvcd, that the Amplitude 
and Azimuth are much the fame ; the Am- 
plitude fhewing the bearing of any Objeft 
when he rifes or fcts, from the Eaft or Weft 
Points of the Horizon ; and the Azimuth 
the bearing of any Objed when it is above 
the Horizon, cither from the North or 
South Points thereof. As for Example, if 
an Objcd rifes or fets within lo Degrees of 
-the Eaft or Weft, fuppofe towards the South, 
we accordingly fay, its Amplitu4e hio'Dz- 
grecs Southerly j but if an Objeft, that is 
of any height above the Horizon fhould 
be in the, Vertical Circle pafling thro' the 
aforementioned Point, wc then fay, its Azi- 
muth is 80 Degrees from the South, or 100 
Degrees from the North, both which Ex- 
prcflions lignify the fame. 

14. All Circles drawn parallel to the Ho- 
rizon, in the upper Hemifphere, are called 
*' Almacanthers, or Parallels of Altitude : 
I. So that the Altitude of any Point in the 
Heavens, is an Arch of the Vertical Circle 
pafling thro' that Point, and intercepted be- 
twixt it and the Horizon : and if the Objeft 
, be upon the Meridian, it is commonly called 
r. the Meridian Altitude. The Complement 
of the Altitude, or what it wants of 90 De- 
grees, is called the Zenith l^ifiance. 

1 Thfe 
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The Horizon (by which wc mean the 
Rational) is reprcfenred by the upper Sur- 
face of the (Wooden Frame, wherein the 
Globes are placed t upon this Horizon arc 
dcfcribed fcveral Concentrick Circles, the 
innermoft of which is divided into four 
times 90 Degrees, beginning at the Eafl: and 
the Weft Points, and counted both ways to 
the North and South, where they end at 90 
Degrees. The Ufe of thefc Divilions is to 
fhew the Antplitudes of the Sun and Stars 
at their Rifing and Setting : Alfo in fomc 
convenient Place upon this Horizon, there 
is commonly noted the Points of the Com- 
pafs. Without the aforementlon'd Circle, 
there is drawn the Eclipiick, witli its Divi- 
sions into Signs and Degrees, and a Circle 
of Months and Days ; The Ulc of thcfc 
two Circles is to ferve as a CaUneiar to 
fiiew the Sun's Place at any time of the 
Year ; and by that means to find his Place 
in the Ecliptick drawn upon the Globe it 
felf. 

The Vertical Circles, and the ^Parallels 
of Altitude, arc fuppUed by a thin Plate 
of Brafs, having a Nut and Screw at one 
end, to faften it to the Brafs Meridian in 
die Zenith Point j which being done, 
the lower End of it may be put be- 
tween the Globe it fcif and the inner 
Edge of the Horizon, and fo turned round 
l^bout to anv Point required. The fiduciaL 
' E 3 Ed^i 
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Edge thereof reprcfenting the Vertical Cit'^ 
cks, and the T^egrees upon it, defcribing 
^ii</r/i»^thc Parallels of Altitude. ThiSithin Plate 
^/w«4/f. is called the ^adrant of Altitude. 

The Center of the Horizon being the 
Place of Obfervation, it is evident, that 
this Circle, and all the others belonging to 
it, are continually changed which way fo- 
ever we move ; wherefore we may fuppofc 
the Horizon, with its Secundaries and Pa- 
rallels, to inveft the Globe like a Rete or 
Net ; and to be moveable every way round 
it. This is very naturally illuftrated by the 
Globes I if we move diredly North or di- 
redly South, the Change made in the Hori- 
zon is rcprefentcd, by moving the Brafs 
Meridian (keeping the Globe from turning^ 
about its Axis) hi the Notches made in 
the Wooden Horizon, juft fo much as 
wc travelled. If our Courfe ftiould be due 
Eaft or due Weft, the Alterations made there- 
by arc rcprefentcd, by turning the Globe ac** 
cordingly about its Axis, the Brafs Meridian 
being kept fixed : and 'if we fteer betwixt 
the Meridian and the Eaft or Weft Points, 
then we arc to turn the Brafs Meridian, and 
alfo the Globe about its Axis accordingly. 
The Sum of which is. Let the Spe^flator 
be in whit Point foever cf the Earth's Sur- 
face, he'll there gravitate or tend exadly 
towards its Center, and imagine himfdf to 
be on the highcft Part thereof; {the uneven-: 

ncfs 
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nefs of the Ground not being here confi- 
dered :) wherefore if we turn the Globe in 
fuch a manner, as to bring the fcvcral Pro- 
grcflivc Steps of a Traveller fucceirivcly to 
the Zenith, we (hall then have the fuccef- 
Jlve Alterations made in the Horizon, in 
every Part ofhisjourncy, This Explication 
being well conudcr'd, will be of help to 
Beginners to conceive how the Earth is 
every where habitable, and how Paffengcrs 
can travel quite round it : For fince every 
thing tends towards the Center of the Earth, 
we are to conceive that Point as being the 
loweft, and not to carry our Idea of down- 
wards any farther: Thofe that arc diame- 
trically oppoUtc to us, being as much upon 
the upper part of tiic Earth as wc are ; there 
being no fuch thing in Nature, as one Place 
being higher than another, but as it is at a 
greater diftance from the Center of the 
Earth, let it be in what Country focvcr. 
We have now done with all the Circles 
of the Sphere, and it may be obferved, that 
the Equinoiiial, the EcUptkk, and the Ho- 
rizoTit with their Secondaries and Parallels, 
arc all alike i and altering their Pofition, 
may be made to fervc for one another. 
Thus, If the Tales of the JForld be brought 
into the Zenith and Nadir ; the Eqtii- 
noifia/ will coincide with the Horizon, the 
Meridians will be the fame with the yerti- 
(al Circles, and the Parallels of ©fc/f»<?f/fl» 
E 4 will 
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will be the Parallels of ^/m«<^(f. Afterthc 
fame manner, if (hifting the Pofition wc 
bring the Ecliptick to coincide with the 
Horizon i tht Circles oi Longitude \}\\\ be 
the Vertical Circles, and the Parallels of 
Latitude and Altitude will coincide. 

The Horizon and tlie Equator may be 
either Parallel, Perpendicular, or Oblique 
to each other. 

f^MM jj A "Parallel Sphere is that Pofition 
where the Equator coincides with the Ho- 
rizon, and cbnfcqucntly the Poles of the 
World are in the Zenith and Nadir : The 
Inhabitants of this Sphere (if there be any) 
are thofe who live under the Poles of the 
World. 

f'f*;_ 16. A Right or Tiirea Sphere is that 
Pofition where the Equator is perpen- 
dicular to the Horizon ; the Inhabitants 
whereof arc tiiofe who live under the E- 
quinoftial. 

17. An Oblique Sphere is when the Equi- 
noftial and the Horizon make Oblique An- 
gles wirh each other i which every where 
happens but under the Equator and the 
Poles. 

The Arch of any Parallel or Declination 
which flands above the Horizon, is called 
thzTfiurnal Arch ; and the remaining part 

,u sae. of it, which is below the Horizon, is called 

■':'?' the NoaurnalArch. 

"""" That 
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That Point of the Equinoftial which 
cpmcs to the 1^^^"^^ }Part of the Hori- 
zon, with any Point in the Heavens, is called 

from the Beginning of IT ; and if it be in a 
Right Sphere, the Afcenfion or Dcfcenfion 
is called Right ; but if it be in an Oblique 
Sphere, it is called Oblique Afcenfion or 
Dcfcenfion. So that, 

18. The Right Afcenfion of the Sun,^^ -*/- 
Moon, or any Star, &c- is an Arch of thc"^" 
Equator contained betwixt the Beginning 

of r, and that Point of the Equino^Uat 
which rifes with them in a Right Sphere ; 
or which comes to the Meridian with them 
in an Oblique Sphere. 

19. Oblique Afcenjion 01 ^efcenjienj h°'>^'v^ 
an Arch of the Equinoflial intercepted be-'*-^"'"^ 
tween the Beginning of T, and that Toint 

of the Equator which rifcs or fets with any 
Point in the Heavens in an Oblique Sphere. 

20. Afcenfional 'Difference is the DifFc--</«''A»»'' 
rence betwixt the Right and Oblique Afcen-^'j^*"""- 
lion or Defcenfion j and (hews how long the 
Sun riies or fcts before or after the Honr 
pf Six. 

IV. Of the T>ivifion of Time. 
The Parts that Time is diftingui{hed into 
i^re1>tfyj-, ijeurs, ffrekf, Months zai Tears. 
A 
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A Day is either Natural or Artificial. 

naiuriA A Natural ©^ is the Space of Time 

Mnd ^r/|. chpfcd ' while the Sun goes. from any Meri- 

^^ ^^-^'dian or Haiary Circle, till he arrives to tlie 

fame again 5 or, it is the 1\xvi%, contained froni 

Nfobn or any particular Hdfur, to the next 

Noon or the fame Hoijr again : An 4rt{^cir 

ai^ay^ is the Time hetwixt the Sun's Bifing 

and Setting j to which is ppp^fcd the Nigkty 

thgt '^ the Time the 5un is hiciiwi^r the Ho* 

rizon. " i 

iM^s 'ftfc. The Natural ^4J \^\ divji^e4 into 24. 

' * Hours ^ <ach Houi ioto 60 Min^tfs, each 

/ Minute into 60 Seconds, ^c. The Artifir 

^ cial 1>ajfs '^re always- unequal to ^11 the^ In-. 

hahitaots ; that are. not under the Equator^ 

eKcept.whicn the Sur is in the Eqiiinoftial. 

Points T and -, which happens (according 

' "t0 puyr way of reckoiling) about the lothof 

March and 12th oi September % zt thofc 

Timcjs the Sun rifas pt fix, ^nd fcts 4t fix, to 

ail tlK Inhabitants of the Earth. Thefe Days 

i^uinoxes. ^^.c Called thcEquiupxes or Equinqftial Days i 

the firft of wliich, or when the Sun is in 

^^^^^^^the firft Point of -^^r/>^, is cMt^ the Fernal 

jiutumnaiEpiinoXy and the latter is called the Aun 

M^umox. tjiff^na/ E^uini^K^ At all times of the 

Year, the Days continually lengthen or fhor-» 

ten, and that fafter or flower according as 

the Sun is nearer to or further from the Equi- 

ftoftial, until he arrives to either of the f?^/- 

fiitial Ti»ints s or tf,. At thofe Time? the 

$yn fe^ms to ftand ftill for a few Days, and 

thea 
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then he begins to return with a flow Mo- 
tion towards the Equinoftial, ftill haftening 
his pace as he comes nearer to it : The Sun 
enters the Tropicks of ^ and Xr, about ihe 
loth ofour'^/wfaiidthc i ith oH^ecembeTf. 
■which Days arc fomerimes called the Sdl-Sep 
ftices ; the firfl of which wc call the ^''"'^'^^^^J^,„i„ 
Solftice, and the latter the IVinttT Soljhcf. soiiike.. 

All Nations do not begin their Day, ana^^' J'/f- 
reckon their Hours alike. In Great- Britain, "i'L^Tibe 
France and Spain, and in moft places xnDny. 
Europe, the Day is reckoned to begin at 
Midnight, from whence is counted 1 2 Hours 
till Noon, then i zHourb mare till next Mid- 
night, which makes a complcat Day : Yet 
the Aftrommers (in rhcfc Countries) com- 
monly begin their Day at Noon, and fo rec- 
kon 24 Hours till next Noon, and not twice 
twelve,according to the vulgar Computation. 

The Babylonians began their Day at Sun- ^f/^J""'* 
riHng, and reckoned 24 Hours rill he rofe 
attain : this way of Computation wc call the 
Babylonifh Hours. In fcverat parts of Ger' 
many they count their Hours from Sun-fet- 
ting, calling the firft Hour after the Sun has 
fet, the fiift Hour, &c. till he lets the next 
Day, which they call rlie 24th Hour : thefc 
are commonly called the Italian Hours}:f^*^ 

. 1 . 1.1- - ^ Hnurtr 

Accordmg to both thcfc ways ot Computa- 
tion, their Hours are commonly either a 
little greater or Icfs rhan the y'^ part of a na- 
tural Day, in proportion as the Sun rifcs or 
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fcts fooner or later in the fucceeding Days : 
They have alfo this Inconvenience, that 
their Mid-day and Mjd-night happen on 
different Hours, according to the iieafons of 
the Year. 

The Jews and the Romans formcrlV, di- 
vided the Artijicial Days and Nights each 
into iz equal parts; thefe are termed the 
Jewijh HdkrSy and are of different Lcngtlis 
according to the Seafons of the Year ; a 
Jewifh Hour in Summer, being longer than 
one in Winter, and a Night Hour ihorter. 
This Method of Computation is now in 
life among the Turks, and the Hours arc 
ftyled thzfirfi Hour, fecond Hour, f^c. of 
the Day or Night ; fo that Midday always 
falls upon the fixth Hour of the Day. Thefc 
' Hours arc alfo called Tlaiietary Hours j bc» 
caufe in every Hour one of the Scvcii Planets 
were fuppofcd to prefidc over the World, 
and fo take it by tutns. The firftHour af- 
ter Sun-rifing on Sunday was allotted to the 
Sun j the next to Venus j the third to Mer- 
cury » and the reft in order to the Moon, Sa- 
turn, Jupiter, and iV/flrJ. By this means' 
on the firft Hour of the next Day, the Moon 
prcfided, and fo gave the Name to tliat Day -, 
and fo fcvcn Days by this Method had 
Names given them from the Planets that 
wet e fuppofed to govern on the firft Hour. 

A Pk'eek.is a Syftemoffevcn Days, in 
which each Day is diftinguifticJ by a dif- 
ferent 
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fcrcnt Name. In moft Countries, thefc 
Days are called after the Names of the Se- 
ven Planets, as above noted. All Nations 
that have any Notion of Religion, lay apart 
one Day in (even for publick Worfliip j the 
Day folemnized by Chrijiians is Sunday, or 
the firft Day of the Week, being that on 
which our Saviour rofe from the Grave, on 
which the Apoftles afterwards ufed more par- 
ticularly to aiTcmble together t» perform 
divine Worlhip. The Jews obfcrved Sa- 
turday, or the feventh Day of the Week, for 
their Sabbath or Day of Reft, being that ap- 
pointed in the fourth Commandment undet 
the Law. The Turks perform their Reli- 
gious Ceremonies on Friday. 

A Month is properly a certain fpace of -< MomB 
Time mcafured by the Moon in its Courfc 
round the Earth. A Lunar Month is cither 
Periodical or Synodical, A Teriodical^^j'^^^ 
Month is that Space of Time the Moonn^dicli' 
takes to perform her Courfe from one Point Month*. 
of the Ecliptick till fhc arrives to the fame 
again; which is 27 Days and fome odd 
Hours : And a Synodical Month is the Time 
betwixt one New Moon and the next New 
Moon, which is commonly about 29^ Days. 
But a Civil Month is different from thcfe, 
and confifts of a certain Number of Days, 
fewer or more, according to the Laws and 
Cunoms of the Country wherein they are 
obfcrved- 

The 
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The complcatcft Period of Time is a 
Tfar^ in which all the Variety of Scalbns 
return, and afterwards begin a-new. A 
Tei^r i$ either Aflfonomical or Civil. An 
^x^Vfd^fifonamiad Tear is cither a Sydereal^ 
Tropical, ^herein the Sun departing from a fixed Star, 
rcturjas to it again; or .Tropical j which is 
the ipace of Time the Sun takes to perform 
its Orarfe from any Point of the £cliptick 
tJiU he returns to it again. 

A Tropical JTear oonfifts of 365 Days> 
5 \low$y and 49 Minutes; this is the Time 
in which ail the Seafons complcatly return, 
•^hieh Is a fmall matter Icfs thap a Sydereal 

Year. 

The Civil Tear is thie fame with the Vo- 
fiiical eftabliflied by the Laws of a Coun- 
try, and is cither moveable or immoveable. 
The moveable Year cdnfifts of ^6$ Days, 
being lefs than the TrapLcal Year by almoft 
Egyptjtn ^ Hours; and is called the Egyptian TeaXy 
i>acauG: obferved in that Country. 

Tihe Ramans divided the Year into 1 2 Ka- 
leivdar Months, to which they gave particu- 
lar Naipes, and arc {till retained by moft of 
the Em ope an Nations, viz,. January^ Fe^ 
kruary, March, Aprils May, Junej July, 
Jtugujly September, OBobcr^ November^ 
.and December. The Number of Days in 
each Month may be known by die folio Wi^ 
ing Viarfcs: . 

:Thirt^ 
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7';6;V?j' 'Days. hath September;, '•■;^'''' 

April, June, aBf/ November i .' * ™ 

February hath Twenty Eight alone^ J 
And all the reft have Thirty One. *> 

The Year is alfo divided into fout Quarters 
or Scafons, viz. Thz Springy Summer ^Au- 
tuwn and fVinter. Thclc Quarters are pro- 
perly made when the Sun enters into thp 
EquinoiSial and Solftitial Points of the 
Eciiptick ; But in Civil Ufes they ate dif- 
ferently rcckon'd according to the Cuftoira 
of fcveral Countries. In England've com- 
monly reckon the firft Day of fanuary to 
be the firft in the Year, which is therefore 
vulgarly called Newyears-T)ayi but in Po- 
litical and Ecclcfiaftical Affairs, the Year is 
reckoned to commence on Lady-'Day, 
which is the 2sth of March; and from 
thence to Midfummer-'Dayy which is the 
24th of June, is reckoned the firft Quar- 
ters from Midftimmer-'Day to Michaelmas- 
^ay, which is the 29th of September^ is 
■the fecond Quarter ; the third Quarter 
,is rcckon'd from Mtchaelmas-T>ay to 
Chriftwas-'Day, which is the 25th of ©ir- 
cember ; and from Chriftmas-'Day to Let- 
dy-T>ayy is reckoned the laft Qiiarter ia 
the Year, hi common Affairs, a Quar- 
ter is reckoned from a certain Day to the 
-fame in the fourth Month following. 
■Sometimes a Month is reckoned four 
. . Weeks 
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Weeks or 2 s Days, and fo a Quarter 

112 Weeks. To all the Inhabitants in the 
iSo°"hcrn i "^"^'Pll^e' 'heit MUfummer 
is properly when the Sun is in the Tropicfc 
of < „ > and their Midwinter at 

I Lafrtcorn \ 

the oppofitc Time of the Year. But thofc 
_L who live under the Equino£lial, have two 

Winters, viz. when the Sun is in either 
Tropicki tho' indeed ptoperly, there is no 
Scafon that may be called Winter in thofe 
parts of the World. 

The Egyptian Year of 365 Days, being 
Icfs than the true Solar Year, by almoft fix 
Hours, it follows that four fuch Years arc 
lefs than fonr Solar Years, by a whole Day ; 
and therefore in j6j times four Years, that 
is, in 1460 Years, the beginning of the 
Years move through all the Scafons. To 
remedy this Inconvcniency, Julius Cafar 
(confidcring that the ftx Hours which remain 
at the end of every Year, will in + Years 
make a Natural Day) ordered that every 
fourth Year Ihould have an intercalary Day % 
■which therefore confirts of j(S6 Days; the 
Day added was put in the Month of Fehru- 
nry, by poftponing St. Matthias'% Day, 
which in common Years falls on the 24th, 
to the 2 j th of the faid Month : all the fixed 
Feafts in the Year from thenccforwards fal- 
ling a Wcck-day later than otherwife they 
would. Ac- 
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Accofding to tlic Roman way of reckon- Bifr«tiie 
ing, the z^thoi February was the fixth of Year?^" 
the Kalends ai March ^ and it was ordered 
that for this Year there fhould be two fixths, ■ 
I or that the llxth of the Kalends o£ March ^_ 
» fliould be twice repeated ; upon which ac- d^| 
I count the Year was called Biff'extile, which * '^^f 
we now call the Leap-Tear. ''t^^I 

To find whether the Year of out Lord bet ^^H 
Leap-Ycar, or the firft, fccond, or third af-i i^^^H 
tcr ; Divide it by four, and the remaindetf j^^| 
if there be any, fltews how many Years it is ,^^^1 
after Leap-Ycar; bur if there be no Remain-: ^^H 
dcr, then that Year is Leap- Year : Or, youi ^^| 
may omit tlic Hundreds and Scores, and di-' .^^| 
vide the teiidue by 4. Examp-i'^'^i, omit-' t^^H 
ringthc Hundreds and the Twenty, I divide ^^| 
the refidue 1 1 by 4, and the remainder 3 Ihcws' ^^H 
it to be the third after Lcap-Year. 

This Method of reckoning the Year, viz. 
making the common Year to confiftof 365 ^^ 
Days, and every fourth Year ro have j6(5 ^^| 
Days, is now ufed in Great-Britain and ^^| 
Ireland, and forae of the Northern Parts of i^H 
Europe, and is called the Ju/ian Account or juliin jK- 
thcOldStyle. But the 'lime appointed by"""',,?'' 
Julius Cafar for the Length of a Solar styie. 
Year is too much ; for the Sun finilhcs his 
Courfc intheEclijjtick in J65 Days, 5 Hours 
and 49 Minutes, which is n Minutes lels 
than the Civil Year i and therefore he again 
begiubhis Circuit \i Minutes before the 
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Civil Year is ended : and fo much being 
gained every Year, amounts in 131 Yeats , 
to a whole Day. Sotiiat if the Sun in any 
Year entered the Equinox upon the 20th of , 
March at Noon,afTcr the Space of 1 3 1 Years, 
he'll enter the fame Point on the fame Hour 
of the 19th oi March. And therefore the 
Equinoxes will not always fallen the fame 
Day of the Month, but by degrees will 
move towards the beginning of the Year. 
At the Time of the Council of Nice, 
'. (when the Terms were fettled for obfeiv- 
r 'wg,o{ Ea^er) the Vernal Equinox fell up- 
L on the 2 1 ft of March ; but by its falling 
' backwards 1 1 Minutes every Year, it was 
found that in Anno i j 82., when the Kalen- 
dar was correfted, the Sun entered the Equi- 
noctial Circle on the i ith of March, ha\'ing 
departed ten wliolc Days from its former 
Place in the Year : And therefore Pope Gre- 
gory thcXIIIth dcfigning to place the Equi- 
noxes in their former fituation with rcfpcft 
to the Year, took thefc ten Days out of the 
Kalcndar, and ordcr'd that the Eleventh of 
March fiiould be rcckon'd as theTwenty- 
firrt : And to prevent the Seafons of the 
Year from going backwards for thcfuture, be 
ordered that every Hundredth Year, which 
in the 'Julian Form was to be a Biffextile^ 
Ihould be a common Year> and conliU onljr 
of 365 Days; but that being too much, 
every fourtii Hundred was to remain Bijfex^ 
tile. This Form of reckoning being cfta 
blilhed 
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blithetT by the Aathority of Pope Gre- 
ggry Xllh is called the Gregorian Account, ^^"^^^^'^ 
or the New Style j and is obfcrvcd ill allNcwsTyic! 
tht Countries where the Authority of the 
Pope is acknowledged, and like* i fc, by feve- 
ral Nations of the Reformed Religion. There 
being nOw above a Hundred Years paft, fincc 
this' Reformat ion was made in the Kalendar, 
x^iJiQregOTrtm Account has accoMingly got 
before the Jnlmik one Day more than it 
was at the time of its Inftltution, the Dif- 
ference between thefe two Accounts beine 
now eleven Days ; fo that the firft Day of . 
any Mohth^ according to our way of reckon - 
ing, is the i ath of the fame Month accord- 
ing to the New Style. 

J fiiali- conclude' this Seftion With a brief 
Account of the Atmofphere. 

1h.zAtmofphere is that thin Body of Air Atmo^ 
which furrounds the Earth, in wiiich the ^ "^ 
Clouds hover^ and by which in their dcfccnt 
they are broke into Drops of Rain j which 
fometimes, according to the warmth or cold- 
nefs of Air, are froze into Snow, or 
Hailftones. Thunder and Lightning are 
alfo made in the Atmofphere; and Wind 
is nothing elfe but a Percuflion of the Air, 
occafion'd by its diftcrcnt Deniity in different 
Places. The Benefits we receive from the 
Atmofphere arc innuriierable j without Ait 
no earthly Creature could live, as is pla^inly 
proved by Experiments made by the Ak' 
F 1 'Pump i 
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and the Wholcforacncfs of a Cli- 
mate chiefly depends upon that of its Air : 
If there was no AtmoCphere to refieft the 
Kays of the Sun, no part of the Heavens 
would be lucid and btight, but that where- 
■in the Sun was placed ; and if a Speftator 
fhould turn his Back towards the Sun, he 
would immediately perceive it to be quite 
dark, and the leafl: Stars would be feen 
fhining as they do in the cleareft Night j 
[.and the Sun immediately before his ferting 
I would {hine as brisk as at Noon, but in a 
j^Momcnt, as foon as he got below the Hori- 
[jEon, the whole Hemifphcre of the Earth 
P .would be involved in as great a DarkncG, as 
if it were Midnight. 

But by means of the Atmofpherc, it hap- 
pens that while the Sun is above the Ho- ^ 
rizon, the whole Face of the Heavens is 
ftrongly illuminated by its Rays, fo as to 
obfcurc the faint Light of the Stars and ren- 
\ jder them invifible ; and after Sun-fetting, 
though we receive no dirctS Light from 
him, yet we enjoy its refleded Light for 
■ fomc Time : for the Atmofphere being 
higher than we are, is a longer Time before 
it is withdrawn from the Sun, (as if a Man 
was to run up to the Top of a Steeple, he 
may fee the Sun after it had been fct tothofc 



at the Bottom, 
: rccciv 

.drawn 



mofphc 



The Rays which the At- 
es from the Sun, after he is 
out Sight, are by Refraftion ^ 
faintly- j 
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faintly tranfmitted to us ; until the Sun 
having got about 1 8 Degrees below the 
HorJzorl, he no longer enhghteiis our 
Atmofphere, and then all that Part thereof 
which is over us becomes dark. After the 
fame manner, in the Morning, when the 
Sun comes within i8 Degrees of our Hori- 
zon, he again begins to enlighten the Ap 
mofphcrej and fo more and more by de- 
grees, until he riles and makes full Day. 
This fmall Illumination of the Atmofphere, 
and State of the Heavens between Day and 
Night, is called the Twilight . or the Cre-'^'"'j''s'"' .. 

y , o • trthiCrt^M 

pufcuhm. ^ pufiulnm. 

The Duration of Twilight is different fa 
different Climates, and in the fame Place 
at different Times of the Year. The Be^ 
ginning or Ending of Twilight being accu-...A»vki 
rately given, we may from thence ealily (int| 
the Height of the Atmofphere, which is ndf 
always the fame. The mean Height of the 
Atmofphere is computed to be about 40 
Miles } but it is probable, the Air may ex- 
pand it fclf a great deal further, there being 
properly no other Limits to it, as we can 
conceive, but as it continually dccreafes in 
Denfity the farther rcmbte it is from the 
Earth, in a certain Ratio i which at laft, as 
to our Conception, muft terminate. 
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Geographical Dpfinitipns: 
Of the Situations of Places upon 
the Earth \ of the different Situ- 
ations of its Inhabitants ^ of ^pn^t 
and Clifpates. 

TH E Situation of Places upon the Earth 
are determined by their Latitude 
and Longitude. 

I . The Latitude of any Place (upon the 
Earth) is its ncarcft Diftancc, either Nprth 
or South, from the Equator i and if the 
Place he in the {^^^"jj^"^ } Hemifpherc, 

it is accordingly called^ „ , > Latitude t 

apd 4s meafured by an Arch of the Meridian 
palling thro' the Zenith of the laid Placp, 
and intercepted betwixi it ?nd the Equator. 
And all Places that lie on the fame Side, 
and at the fame Diftance from the Equator, 
are Xaid to be in the fame Parallel of Lati- 
tude: The Parallels of Laiitudc in Geegra- 
fhjf 
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phy being tHe fame with the Parallels of 
Declination in Aftronomy. 

From this Definition arife the following 
Corollaries. 

(i.) That no^Uct can have Above ^o^De- , 
grees of Latittt4e, either North or Souti?, . 

(2 .) Thofe 'places that lie under the E^ui- 
nohial {or thro' ivhich the Equator fajfes) 
have no Latitude, it being from thence 
that the Calculation of Latitude is counted. 
And thofe T laces that lie under the ^okf ■ 
have the greatefi Latitude^ thofe Tointf-M 
being at the greateji dijiance from the E' ' 
quator. ' 

( ] .) The Latitude of any 'Place is ahuayiA 
equal to the Elevation of the Pole in thi j 
fame Place, above the Horizon ; and if J 
therefQreoftenexpreJfedbythePole's Height, 
or Elevation of the Pole : The reafon of 
which is, becaufe from the Equator to the 
Pole, there is always the T>iflance of 90 
'DegreeSj and from the Zenith to the Hori- 
zon the fame Number of Degrees, each 
of thefe including the Diflancefrom the Ze^ 
nith to the Pole. That dijiance therefore \ 
keing taken away from both, will have thi A 
Tiiflance from the Zenith to the F^imatot,k 
(which is the Latitude) equal to the 'D^i 
^ance from the Pole to the Horizon. 

(4.) The Elevation of the Equator in any \ 
Place, is always equal to the C0mplemef(t\ 
Latitude of the far, "" 
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(S.) A Ship failing direaiy \ "y""^' X 
Cfrom 5 

^'' !?</'' \ ^^' ™'> >^ -^^ ^^«^''-' 

as is her H'tftance failed. 

^^^ 2. 'Difference of Latitude is the ncarefl: 
Diftancc betwixt any two Parallels of La- 
titude, fhcwing how far the one is to the' 
Northward or Southward of the other 5 
which can never exceed i 80 Degrees. And 
when the two Places are iti the lame Heini- 
fphere (or on the fame Side of the Equator) 
the leffer Latitude fubftraacd from the 
greater, and when they are on different 

I Sides of the Equator, the two Latitudes 
added, gives the difference of Latitude. 

N". 3. The Longitude of any Place (upon 
the Earth) is an Arch of the Equator, con- 
tained betwixt the Meridian of the given 
Place, and fomc fixed or known Meridian ; 
or, it is equal to the Angle formed by the 
two Meridians; which properly can never 
exceed 180 Degrees, tho' ibmetimcs the 
Longitude is counted Eafterly quite round 
the Globe. 

Since the Meridians are all moveable, 
and not one that can be fixed in the Hea- 

' vcns, (as the Equinoftial Circle is fixed, 
from whence the Latitudes of all Places 

! are determined to be fo much eichet North 
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or South)' the Longitudes of Places can- 
not fo well be fixed from any one Meri- 
dian ; but every Geographer is at his liberty 
to make which he pleafcs his firft Meridian^; 
from whence to calculate the Longitudes 
of other Places. Hence it is, that the Geo-, 
graphers of ditfercfit Nations, reckon' their. 
Longitudes from different Meridians, comr 
monly chufing the Meridian palling thro' 
the Metropolis of their own Country fot 
their firft : thus, the Englifl} Geographers 
generally make the Meridian of London 
to be their firft ; the Freiich, that of '^aris ; 
and the 'Dutchy that of Amjkrdam, &c. 
And Mariners generally reckon their Longi- 
tude from the laft known Land they faw. 
This arbitrary way of reckoning the Longi- 
tude from different Places, makes it ncceC- 
fary, whenever we exprefs the Longitude 
of any Place, that the Place from whence 
it is counted be alfo exprcffed. 

From the preceding Definitions arife the 
following Corollaries. 

1. If a Body jhouldfieerdireBly North, 
or South, quite round the Globes he'll conti- 
nually change his Latitude -, and pafs thro' 
the t-wo •'Poles of the World, ijuithoui; de- 
viating the leajl from the Meridian of the , 
Tlace he departed from ; and confequentfy^ i 
at his return, will not differ in his Account I 
of Time from the people refiding in the 
faidTlace. ^^ 
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vither due Eaft or due Wefi, he'll eomna- ' 
ally change his Longitude, but will go qHHt 
roimd without altering his Latitude j «^ 
if itis Ceurfe ftould b£ due Eaji, he'll g0in 
a "Day compleatly in his reckoning, tr rpelan 
oneway mere than the Jnbai/ftants of the 
'^lace from whence he departed; 4n4 if 
his Courfe had been IVeft, he W9uld h^t 
Ufi one ^ay, or reckoned one lefs. 

The Reafon of which is evident: For, 
admitting our Traveller ftccrs due Eaft fo 
many Miles in one Day, as to make his 
Difference of Longitude equivalent tQ a 
quarter of an Hour of time ; it is evident, 
that the next Day the Sun will rife to him 
a quarter of an Hour fooner, than to the 
Inhabitants of the Place from whericc ha 
departed : and fo daily, in proportion to the 
rate he travels, which in going quite round 
will make up one Natural Day. In like 
manner, if he fleers due Weft after the 
fame rate, he'U lengthen each Day a Quafter 
of an Hour, and confequently the Sun will 
life to him fo much later every Day ; by 
which means, in going quite round, he'll 
lofe one Day complcat in his reckoning. 
From whence it follows, 

3 . If two Bodies jhouldfet out from the 

fame Tlace, onefieer'tug Eafi, and the ether 

•fVeft, and fo continue their Courfes quite 

found, until then arrive 0t thf Tlace from 

whence 
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lahence they ^ gut, the/ II differ two \Days 
in their Reckon^ at' the Time of their 
return. 

4. If a Bod^pimld ft eer upon dn Oblique 
Courfe [or any -wh^re betwixt the Meridian 
find the Eafl or Weft Toints) he'll conti' 
nuaily chame both Latitude and Lmgt- 
tude^ and that more or lefst according to 
the Courfe he fteers j and if ho Jhould £ 
quite round the Globe, hell differ in bt^ 
Account of Time, as by the 2d Corol. 

S- The ^People reading in the E after moft '' 
of any two V laces, will reckon their Time. 
fb much thefooner than thofe who live in 
the other Tlace, according to the ©yff- 
rence of Longitude betwixt the two Tlacet; 
allowing I Hour for every i s "Decrees, &ci 1 
/md the contrary. 

n. Of Zottts and Climates, &c. 

4. Zones are lai^e Trafts of the Surface ^""'^* 
of riie Earth, diRinguifhcd by the Tropicks „,',7^ 
and Polar Circles; being five in Number, F'ffV- 
viz. one Torrid, two Temperate, and two 
Frigid. 

The Torrid or Burning Zoiie is ail the 
Space comprehended t)etwcen the two Tror 
picks ; the Ancients imagined this Tract (rf , 
the Earth to be uninhabitable, bccaiife c^ ■ 
the excefl'ive Heat, it being fo ncarthp Sun! [ 
All the Inhabitants of the Torrid Zone 
have 
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have the Sun in their Zenith, or cxaftly- 
over their Heads, twice in every Year j ex- 
cepting thofc who live exaflly under the 
tv/o Tropicks where the Sim comes to 
ihcir Zenith only once in a Year. 

The two Temperate Zones lie on either 
Side of the Globe, between the Tropicks 
and the Polar Circles. - ■> , 

The x.\!Q Frigid Zones ate thofe Spaces 
upon the Globe that arc included withia 
the two Polar Circles. V, 

The Inhabitants of the Earth arc al fo diftin- 
gulfhed by the Divcrfity of their Shadows. 
Tiiofe who live in the Torrid Zone, arc 

■^»*iW"- caWcd Amphifcians ; becaufe their Noon- 
Shadow is caft different Ways, according as 
the Sun is to the Northward or Southward 
of their Zenith: But when the Sun is in 

ii/eMw. their Zenith, they ate called Afcians, 

The Inhabitants of the, Temperate Zones, 

^'^^'fi'- arc called Heterafcians, becaufe their Noon- 
Shadow is always caft the fame way: But 
itjofe who live under the Tropicks are called 

jfeiMi Afciam Heterafcians. Thofe who live in 

^H'^^"' the Frigid Zones are called Terifcians, be- 

itrifciiin!. caufe fomctimes their Shadow is caft round 
about them, 

! Thele hard Names are only Greek Words, 

importing how the Sun carts the Shadow of 
the fcvcral Inhabitants of the Earth i whidi 
would be a too trifling 4ifti"ftion to be 
made here, was it not for the fake of com- 
plying with Cuftom. The 
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The Inhabitants of the Earth, arc alfo 
diftinguifticd into three Sorts, inrcfpcdto 
their relative Situation to one another ; and 
thefe arc called, the 'Periacij Antaciy and 
Antipodes. 

5. H\iz'Ptri£€i arc thofe who live under f,ri<fi 
oppofite Points of the fame Parallel of La- 
titude. They have their Seafons of the 
Year at the fame Time, and their Days and 
Nights always ofthefameLcngth with one 
another ; but the one's Moon is the other's 
Midnight : and when the Sun is in the E- 
.quinoftial, he rifes with the one, when he 

fets with the other. Thofc who live under 
the Poles have no ^eriaci. 

6. The Antaci live under the fame Me-^wcj. 
ridian, and in the fame Latitude, but on dif- 
ferent Sides of the Equator i their Seafons 
of the Year are contrary, and the Days of 
the one are equal to the Nights of the other : 
but the Hour of the Day and Night is the 
fame with both ; and when the Sun is in 
the Equinoctial, he rifes and fets to both 

. cxaftly at the fame time. Thofc who live 
under the Equator have no Antacu 

7. Thcv^nr/jOffd'fjarethofewho live dia--*"''?"" 
metrically oppofite to one another, flanding, 
as it were, exactly feet to feet ■. Their Days 
and Nights, Summer and Winter, arc at 
direft contrary Times. 

The Surface of the Earth is by fome di- - 
fiinguifhcd into Climates. 

8. A 
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%. AC/i>te«?i'isaTraa of tht Surface Ofthc 
Earth, included between two fuch Parallels 
of Latitude, that the Length of the longcft 
Day in the one, exceeds that in the other 
by half an Hour. 

The whole Surface of the Earth, is confi- 
dered as being divided into 60 Climates^ 
viz. from the Equator to each of the Polar 
Circles 24, arifing from the Difference of 
■j HoUr in the length of their longcft Days ; 
and from the Polar Circles to the Poles 
ihemfclves arc fiit, arifing from the diffe- 
rence of an entire Month j the Sun being 
fecn in the firft of thefe, a whole Month 
without fetting ; in thfe fecond, two i arid 
in the third, three Months, ^c. Thefe Cli- 
mates continually decrcafc in Breadth the 
farther they are from the Equator. How 
they are framed, viz. the Parallel of Lati- 
tude in which they end (that being like- 
wife the Breadth of the next) with the rS- 
fpeftivc Breadth of each of thon^ isihcwed 
in the following Table, 



[he I 



'&a.i. ofih^QLoii^^^^^^ 


1 


A TABLE of the Climates. 


1 


1 


Climates betweeen the Equator and the \ 


^OIOT 


i 




Circles, 








r^«M 


tatititii 


BrtMlih 




u«g,si 


Jtiiiudt 






mm^t 


!«,. 


a. M 


D. JM, 


ClimtUl. 


my- 


D. M. 


D. U. 




I 


lis 


8 =, 


■i s; 


15 


iH 


59 5S 






2 


■5 


la 11 


^ DC 


14 


I -a 


ai 18 


I 10 






^ 


'34 


>3 5C 


7 »5 


IS 


'9k 


62. 25 


1 07 






^ 


■♦ 


JO ic 


« 5c 


1< 

17 


ao{ 


SS 12 


57 




s 


■H 


3<S 28 


« ob 


S+ 0(5 


44 




6 


■S 


il i: 


* 54 


i3 


ii 


ff4 49 


4-, 






7 


itS 


41 'S 


4 0- 


19 


ii| 


US ar 


51 






» 


IS 


♦ 7 01 


3 S: 


ao 


11 


«! 47 


26 






9 


I«i 


II )» 


1 ST 


31 


2l4 


« Ct! 


19 






. ID 


■7 


H a~ 


i 2( 


11 


»3 


66 20 


3 14 






,M 


'!* 


!S ?! 


1 H 


21 


M4 


ifi 18 


3 08 






'la 


i8 


iS 29 


* 5- 


>4 


?4 


(J« )i 


a o? 




Cb I M A t E s between the Tokr Circles and the 




Tales. 


* 

1 


LfnitrifDaj,. 


UtltMtt- 

D. U 




Latuudt. 


MMthi. 


D. M. 


1 


I 


61 21 




78 50 






1 


<i9 45 


5 


H 05 




1 1 


75 ,7 


6 


90. DO 




I 

^H^» Of 



8p , The Defcripfion ^nd Ufe 



• ; 1 > 



III. Of the Toetical Rijing and Setting 

of the Stars. 
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The Anticnt i?octs make frequent men- 
tion of the Stais.Rifing ajid Setting, c^^^^ 
cJmuMU Cofmically, Achronlcally^ or Heliacally ; . 
li^wiMi whence thefc Diftiri^ons arc called tPb- • 

MiJjenmi. A Star is faid to Rife or Set Cofmcalfyy 
\ . when it rifes or fetsit Sun-rifing 5 ind When 
it rifes; or fets at Siin-fetting, it is fa^d to 
; rife or fet Achronicfllly . A Star fifes He- 

liacally when firft it becomes vifible, after 
it had been fo near the Sun as to be hid 
by the Splendor of |iis Rays: And a Star is 
faid to fet Heliacally y vhen 'tis firft im- 
merfed, or hid by the Sun's Rays. 

The Fixed Stars J '^nii the three fuperior 
Planets, Mars^ Jupiter, zni Saturn, rife 
Heliacally in the Morning : but the Moon 
rifes Heliacally in the Evening i becaufe the 
Sun is fwifter than the fuperior Planets, and 
flower than the Moon. 

IV. Of the Surface of the Earth, confidered 
as it is compofed of Land and Water. 

The Earth confifts naturally of two 
Parts, Land and Water 5 and therefore 
it is called the Terraqueous Globe. Each 
of thefc Element? arc fubdividcd into 

various 
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various Forms and Parts, which accordingly 
arc diftinguifhed by ditFcrcnt Names. 

I. Of the Land. 

ThcLand isdiftinguithed into Continents, 
IJlands, Teninfula's, Ifthmus's, 'Promonto- 
ries. Mountains, or Coafts. • - 

p. A Continent is a large Quantity of^""""^ 
Land, in which many great Countries are 
joined together, without being feparated 
from each other by the Sea : Such arc Eu- 
rope , Afia, Africa, and the Vaft Continent 
of America ; which four are the principal 
Divifions of the Earth. A Continent is _ 
fometimes called the Main Land. MtinUnS 

10. An JJland is a Country, or Portion 
of Land environed round with Water : 
Such are Great Britain, and Ireland^ Sar- 
dinia, Sicily-, &c. in the Mediterranean Scaj 
the IJIes of PVight^ -^nglefey, &c. near 
England. Alfo a fmall part of dry Land 
ill the midft of a River, is called an Ifland, 
Sometimes a large Idand, when compared 
to a leffer, is called the Continent ; as if 
we compare the IJleoi Wight to England, 

the latter may be properly called the Con- ' 

tinent. 

11. KTeninfala isaPartofLand almDftF"*V'^- 
environed with Water, fave one narrow 
Neck, adjoining it to the Continent j Or, 
which is almofl: an Idand. Such is "Den- 

G mark 
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mark joining to Cermanjr ; alio Africs U 
1 properly a large Peninfula (oining to Afis. 

^immt. 12. An ^>&f)MU is a narrow Neck of Land 
L joining a Peninfula to the Continent j as 

I x\\z Jfthmus oi Sues, which joins .^^/m to 

I j9Jia i that of ^Panama joining Nonh and 

K South America, &c. 

r «»r^' n ■ A 'promontory is a high Part of Land 
\ ' flrctching out into the Sea \ and is often 
[ called a Capt, or Headland : Such is the 

I Cape of Good Hope, in the South of Africa : 

Cape Finifire on the Weft of Spain j alfo 
the Lizard Point, and the Lands End, 
arc two Capes or Headlands on the Weft of 
^omtt^- England. A Mountain is a high Part of 
Land in the Midft of a Country, over-top- 
ping the adjacent Parts. 
A citfi or 1 4. A Coaft or Shore is that Part of Land 
shirt. which borders upon the Sea, whether it be 
in Iflands or a Continent : And that Part of 
the Land which is far diftant from the Sea, 
J^itni. is called the Inland Country. Thefe arc the 
uliial Diftinftions of the Land. , 

The Water is diftinguilhed into Oceans, 
Seas J Lakes, Gulfs, Streights, and Rivers. 
a* o,€4» ^ J • ^^^ -Ocean or Main-Sea^ is a vaft 
\ trijaia fpicading Collciaion of Water, not divided 
I **■ or Icparatcd by Lands running between : 
I inch is the Atlantick or Weflern Ocean, 

I between Europe and America ; the Pacifick ■ 

I Ocean or South-Sea, &c. J 

I %4J 
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Kote, Thofc Parts of the Ocean, which 
border upon the Land, are called by various 
Names, according to thofe of the adjacent 
Countries ; as the Britijb Sea ; the Irijb Sea ; 
the French and Spanijh Sea. 

16. A Lake is a Colleftion of deep fland- ^ ^*'- 
ing Water, endofed all round with Land 

and not having any vifiblc and open Com- 
munication with the Sea : But when this 
Lake is very large, it is commonly called a 
Sea, as the Cafpian Sea in AJia, &c. 

17. A Ga^is a Part of the Sea almoft-* °"^/! 
cncompaffed with Land, or, that whichruns 

up a great way into the Land j as the Gulf 

of Venice, ^c. But if it be very large, 'tis 

rather called zn Inland Sea % ssthcBalticfc 

Sea, the Mediterranean Sea, the RedSea, 

or the Arabian Gulf, dfc. And a fmall "^ 

Part of the Sea thus environed with Land ' 

is ufually called a Bay. If it be but a very 

fmall Part, or, as it were, a fmall Arm of 

the Sea that runs but a few Miles between 

the Land, it is called a Creek or Haven. ^'"* " 

1 8. A Mretght w a narrow Paflagc lymg jistwihi^, 
between two Shores, whereby two Seas arc 
joined together ; as the Streights of 'Dover t 
between the Briti^ Channel and the Ger- 

raan Sea j the Streights of Gibraltar, be- 
tween the Atlantick and the Mediterranean 
Sea. The Mediterranean it felf is alfo fomc- 
times called the Streights. 

Thefe arc all the ncceflary Terms com- 
monly Mi^lnGeographjr. The Names of 
G a tJis. 
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the fevcral Countries, Seas, and all the prin* 
cipal Divifions of the Earrfi, the Reader will 
find expreffed upon thca errcftrial Globes^ 
To give a tolerable Account of the Produce 
of each Country, the Genius of the People, 
their Political Inftitutions, &c. is properly a 
particular Subjeft of it felf 5 and quite foreign 
to our Dcfign. We fhalt next proceed to 
the Ufe of the Globes ; but firft it may not 
be amifs to give a (hort Review of their Ap^ 
purtenances. 

Thofe Circles of the Sphere that ztc fixed 
are (as has been already faid) drawn upon 
the Globes themfelves 5 thofe that are move- 
able y are fupplied by the Brafi Meridian^ 
the Wooden Horizony and the ^adrant of 
Altitude. , . . 

fuL^" ^' That Side of the Brazen Meridiaiii 
which is divided into Degrees, reprefents^ 
the true Meridian 5 this Side is commonly 
turned towards the Eaft, and 'tis ufual to 
place the Globe fo before you, that the* 
North be to the Right Hand, and the South 
to the Left. The Meridian is divided into 
4 Quadrants, each being 90 Degrees, two 
of which arc numbered from that Piart of 
the Equinoftial which is above the Horizon^ 
towards each of the Poles i the other two 
Quadrants are numbered from the Poles 
towards the Equator. The reafon why two 
Qiiadrants of the Meridian are numbered 
from the Equator, and the other two from 
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the Poles, is becauG: the former of thefe 
two ferve to fiiew the Dift-ince of any Point 
on the Globe from the Equator, and the 
other to elevate the Globe to the Latitude 
of the Place, 

2. The upper Side of the ' Woodcn"^''^'" 
Frame, called the Wooden Horizon, re- *"""*■ 
prefents the true Horizon ; the Circles 
drawn upon this Plane have been already 
defcribed ; we may obfervc, that the firft 
Point of T is the Eaft, and the oppofite, 
being the firft Point cf ^ is the Weft, the 
Meridian palling thro' the North and South 
Points. 

? . The ^adrant of Altitude is a flexible ^adnnt 
Plate of thin Brafs, having a Nut and Screw eM'"""''- 
at one End, to be fattened to the Meridian 
of eivher Globe, as occafion requires. The 
Edge of this Qiiadrant, which has the Gra- 
duations upon it, called the fiducial Edge, 
is that which is always meant whenever wc 
make mention of the Quadrant of Altitude, 

4. The Horary or Hour Ctrvle is divided hhut cir-_ 
into twice twelve Hours; the two Xll's"^'" 
coinciding with the Meridian : the upper- 
moft XII is that at Noon, and the lower- 
moft towards the Horizon is Xll at Nigkt. 
The Hours on the Eaji Side of the Meridi- 
an are the Morning Hours, and thofe on 
the H^ejt Side the Hours after Noon. The 
Axis of the Globe carries round the Hand 
or Index which points the Hour, and it is 
the Center of the Hour Circle. The 
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The Things above defcribed arc common 
to both Globes ; but there are fome others 
which are peculiar, or proper 1:o one fort 
of Globe. The two ColureSy and the Circles 
of Latitude^ from the Ecliptick, belong only 
to the Celejiiai Globe 5 alfo the Ecliptick 
it felf docs properly belong only to this 
Globe, tho' it is always drawn on the Ter- 
reftrial, for the fake of thofe that might 
not have the other Globe by them. The 
Equinodial on the Ccleftial Globe is always 
numbered into 3 60 Degrees, beginning at 
the Equinodial Point r 5 but on the Ter- 
reftrial, it is arbitrary where thefe Numbers 
commence, according to the Meridian of 
what J^lace you intend for your firft 5 and 
the Degrees may be counted either quite 
round to 360, or both Ways, till they meet 
Ia the opposite Fart of the Meridiaii at ]( 9c^ 
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SECT. III. 

T^tf USE 0/ tj^e Globes. 

Problem I. To find the Latitude and 
Longitude of any given 'Place upon the 
Globe i andonthe contrary ^ the Latitude 
and Longitude being given, tofind the 
Tlace. 

I.' I TURN the Globe round its Axis, 
\ till the given Place lie exactly un- 
der the (Eaftern Side of the Brafs) Meridian j 
then that Degree upon the Meridian, which 
is diredly over it, is the Latitude : which is 
accordingly North or South, as it lies in 
the Northern or Southern Hemifpherc. The 
Globe remaining in the fame Pofition, 

That Degree upon the Equator which is 
cut by the Brazen Meridian, is the Longi- 
tude required, from the firft Meridian upon 
the Qobe. If the Longitude is counted both 
ways from the firft Meridian upon the Globe, 
then we are to confidcr, whether the given 
Place lies Eafterly or Wcfterly from the firft 
Meridian, and the Longitude mud be cx«o | 
prcffcd accordingly. 

- ' - G 4 The 
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The Latitudes of the following Places ; 
and upon a Globe where the Longitude is 
reckoned both ways from the Meridian of 
LondoUy their Longitudes will be found as 
follow. 




latitude. 

Dcg. 

414. North. 


Lmgitttdf. 
Deg. 
1 3 £aft. 


48-1: N. 

20 N. 


102 W; 


58 S. 


80 W, 



2. The Latitude and Longitude being given^ 

to find the V lace. 

Seek for the given Longitude in the E- 
quator, and bring that Point to the Meri-? 
dian 5 then counifrom the Equator on the 
Meridian, the Degree of Latitude giveiij^ 
towards the Ardick or Antarftick Pole, ac- 
cording as the Latitude is Northerly oc 
Southerly 3 and under that Degree of Lati- 
tude lies the Tlace required. 

P R o B. II. To find the Difference of Lati^. 
tude betwixt any two given T laces. 

Bring each of the Places propofed fuc* 
ceffively to the Meridian, and obfcrye where 
they interfeft it; then the Number crfDcr 
^rc(s upon the Meridiao^i contained between 

" * ^ the 
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the two Intcrfcftions, will be the difference 
of Latitude required. Or, if the Places 
propofed are on the fame Side of the Equa- 
tor, having firft found their Latitudes, fubT 
trad the leffer from the greater ; but if they 
are on the contrary Sides of the Equatorj 
add them both together ; and the Difference 
in the firft Cafe, and the Sum in the latter, 
will be the Difference of Latitude required- 
Thus, the Difference of Latitude betwixt 
London and Rome will be found to be 
9 ^ Degrees ; betwixt Taris and Cape Bona 
EJperance % 3 Degrees. 

Prob. III. To find the 'Difference of Lon- 
gitude bet'uuixt any two given Places. 

Bring each of the given Places fuccefllvcly 
to the Meridian, and fee where the Meridian 
cuts the Equator each Time; the Number 
of Degrees contained betwixt thofe two 
Points, ificbe lefithan iSoDcgrees, other- 
wife the Remainder to 360 Degrees will 
be the Difference of Longitude required. 
Or, 

Having brought one of the given Places 
to the Meridian, bring the Index of the 
Hour-Circle to 12 o'Clocki then having 
brought the other Place to the Meridian, 
the Number of Hours contained bctweeti 
the Place the Index was firlt fet at, and the 
Place where it now points, is the Difference 
■ - of 
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of Longitude in Time betwixt the two 
Places. 

Tijus, the Difference of Longitude be- 
twixt Rome and Confiantinople, will be 
found lo be 19 Degrees, or i Hour and a 
arter; betwixt Mexico and ^ekin in 
ma 140 Degrees, or 9^ Hours. 

Pbob. IV. Any Tlace being given, to find 
all thofe 'Places that are in the fame 
Latitude with the faid 'Place. 

The Latitude of the given Place being 
marked upon the Meridian, turn the Globe 
round its Axis, and all thofe Places that pafs 
under the faid Mark, arc in the fame Lati- 
tude with the given Place, and have their 
Days and Nights of equal Lengths. And 
when any Place is brought to the Meridian, 
all the Inhabitants, that Ue under the upper 
Semicircle of it, have their Noon or Mid- 
day at tlie fame Point of abfolute Time 
cxaftly. 

Frob. V. The 'Day of the Month heivg 
given i to find the Sun's Place in the 
Eclipticky and his Declination. 

I. To find the Sun's Place: Look for the 
Day of the Month given in the Kalendar of 
Months upon the Horizon, and right againft 
it you'll find that Sisn and Degree of the 

Edip- 
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Ecliptick which the Sun is in : The Sun's 
Place being thus found, look for the fame 
in the Ecliptick Line which is drawn upon 
the Globe, and bring that Point to the Me- 
ridian i then that Degree of the Meridian 
which is direftly over the Sun's Place is the 
'Declination required, which is according- 
ly either North or South, as the Sun is in 
the Northern or Southern Signs. Thus 





Suris Tlace. ^edinatim. 




T>eg. Min. 'Deg. Min. 


'jfpriliz 
July zo 


W J 00 12 32 N. 


SI 7 SI 18 20 N. 


Odober 15 


% 2 4.9 12 28 S. 


January 9 


an 17 20 07 S. 



Prob. VI. Ta reitify the Globes for the 
Latitude, Zenithj and the Sun's Tlace. 

1 . For the Latitude : If the Place be in 
the Northern Hcmifphere, raife the Arftick 
Pole above the Horizon j but for a South 
Latitude, you muft raife the Antar£tick; 
then move the Meridian up and down in 
the Notches, until the Degrees of the Lati- 
tude counted upon the Meridian below the 
Pole, cuts the Horizon j and then the Globe 
is adjulled to the Latitude. 

2. To reilify the Globe for the Zenith : 
Having elevated the Globe according to the 
latitude, count the Degrees thereof upon. 

Ihc 
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the Meridian from the Equator towards the 
elevated Pole^ and that Point will be the Ze- 
nith or the Vertex of the Place : To this Point; 
of the Meridian fatten the Quadrant of Alti^^ 
tude, fo that the graduated Edge thereof 
fliiy be joined to the faid Point. 

3 . Britig the Sun s Place in the Ecliptick 
to the Meridian, and then fet the Hour- 
Index to XII at Noon, and the Globe will 
be reftified to the Suffs Tlace, 

If you have a little Mariner's Compafs, 
the Meridian of the Globe may be ealtly fct 
to the Meridian of the Place. 

Prob. VII. To find the T^iftan^e between 
any two given Places upon the Globe ^ 
and to find all thofe T laces upon the 

Globe that are at the fame T)iftame Jrom 
given Tlace. 

Lay the Quadrant of Altitude over both 
the Places, and the Number of Degrees 
intercepted between them being reduced 
into Miles, will be the Diftance required : 
Or, you may take the Diftance betwixt the 
two Places with a Pair of Compaffcs, and 
applying that extent to the Equator, you'll 
have the Degrees of Diftance as before. 
Jiiotey A Geographical Mile is the ^th 
•part of a Degree; wherefore if you multi- 
ply the Number of Degrees by <Jo, the Pro- 
dud will be the Number of Geographical 

Miles 
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Miles of Diftance fought; but to reduce 
the fame into Englijh Miles, you muft mul- 
tiply by 70, becaufc about 70 EngUjb Miles 
make a Degree of a great Circle upon the 
Superficies of the Earth. 

Thus, the Diftance betwixt London and 
Jieme will be found to be about i j Degrees, 
which is 780 Geographical Miles. 

If you reftify the Globe for the Latitude 
and Zenith of any given Place, and bring 
the faid Place to the Meridian ; then turn- 
ing the Quadrant of Altitude about, all 
thofe Places that are cut by the fame Point of 
it, arc at the fame Diftance from the given 
Place. 

Prob. VIII. TofindtheAngleofTofition 
of Tlaces i or, the Angle formed by the 
Meridian of one Tlace, and a great Cir- 
cle pajjing through both the Tlaces. 

Having reftificd the Globe for the Lati- 
tude and Zenith of one of the given Places, 
bring the faid Place to the Meridian, then 
turn the Quadrant of Altitude about until 
the fiducial Edge thereof cuts the other 
Place, and the Number of Degrees upon 
the Horizon contained between the faid 
Edge and the Meridian, will be the Angle of 
Polition fought. 

Thus, the Angle of Polition at the Li' 

zardj between the Meridian of the Lizard 

and 



^■^ rbe Ufe of 

and the Great Circle paffing from thence 
to Barbadoes is 69 Degrees South- Wefterly j 
but the Angle of Pofition between the fame 
Places at Barbadoes^ is but 3 % Degrees North- 
Eaftcrly. 

SCHOLIUM. 

The Angle of Pofition between two 
Places is a different thing from what is 
.meant by the Bearings of Places j thzBeat' 
ings of two Places is determined by a fort 
of fpiral Line called a Rhumb Line, paf- 
fing between them in fuch a manner, as to 
make the fame or equal Angles with all the 
Meridians through which it pafTeth : but the 
Angle of Tojition is the very fame thing 
with what we call the Azimuth in Aflrono- 
my ; both being formed by the Meridian and 
a great Circle pafTmg thro' the Zenith of a 
given Place, and a given Point, either in 
the Heavens, then called the Azimuth, or 
upon the Earth, then called the Angle of 
Pofition. 

From hence may be (hewed the Error of 
that Geographical Paradox, viz. If a Place 
A bears from another B due Weft, B fhall 
not bear from A due Eaft. I find this Para- 
dox vindicated by an Author, who at the 
fame time gives us a true Definition of a 
Rhumb Line : but his Arguments arc un- 
geomctrical j for if it be admitted that the 
Eaft 
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Eaft and Weft Lines make the fame Angles 
with all the Meridians, through which they 
pafs, it will follow that thcfe Lines arc the 
Parallels of Latitude. For the Path de- 
fcribcd in Travelling from Eaft to Weft, is 
the continuation of the Surface of a Cone, 
whofe Sides are the Radii of the Sphere, 
and Bafe the Parallel of Latitude of the 
Traveller : and it is evident, that all the Me- 
ridians cut the faid Surfece at Right (and 
therefore at equal) Angles i whence it 
follows, tliat the Rhumbs of Eaft and Weft; 
are the Parallels of Latitude ; though the 
Cafe may feem diff'erent, when we draw in- 
clining Lines (like Meridians) upon Paper, 
without carrying oar Ideas any further. 

Prob. IX. To findthe ^DXxQ\,Vtt\xz\,and 
Antipodes to any given Tlace. 

Bring the given Place to the Meridian, and 
having found its Latitude, count the fame 
Number of Degrees on the Meridian from 
the Equator towards the contrary Pole, 
and that will give the Place of the AntacL 
The Globe being ftill in the fame Pofition, 
fet the Hour-Index to XII at Noon, then 
turn the Globe about till the Index points to 
the lower XII j the Place which then lies 
under the Meridian, having the fame Lati- 
tude with the given Place, is the ^eriaci 
required. As the Clpbe now ftands, the 
--■:-■- An- 
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Antipodes oi the given Place arc under the 
fame Point of the Meridian, that its Anta^ 
it flood before : Or, if you reckon 1 80 
Degrees upon the Meridian from the given 
tlaccj that Point will be the Antipodes. 

Let the given Place be London in the La- 
titude of 514. Degrees North; that Place 
which lies under the fame Meridian, and in 
the Latitude of 5 1 t Degrees South, is the 
Ant act : that which lies in the fame Paral- 
lel with London, and 1 80 Degrees of Lon- 
gitude from it, is the y ^r/Vr/ ; and the ^»- 
f i^^^if J is that Place whofe Longitude from 
London is 180 Degrees, and Latitude 51^ 
Degrees South, 

Prob. X- 75^^ Himr of the ^ay at one 
Tlacey being given-, to find the corre^ 
fpondent Hour {or what Clock it is at 
that Time) in any other Tlace. 

The Difference of Time betwixt two 
Places is the fame with their Difference of 
Longitude 5 wherefore having found their 
Difference of Longitude, reduce it into Time, 
(by allowing one Hour for every 1 5 Degrees, 
&c.) and if the Place where the Hour is 

required lies J^eferi^, ] 
where the Hour is given, J ^ « {the Dif- 
ference of Longitude reduced into Time 
i to 
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'ifom J ^^^ ^^^^ given i and the Sum or 

Remainder will accordingly be the Hour re- 
quired. Or, 

Having brought the Place at which the 
Hour is given to the Meridian, fct the Hour- 
Index to the given Hour 5 then turn the 
Globe about until the Place where the Hour 
is required comes to the Meridian , and the 
Index will point out the Hour at the faid 
Place. 

Thus when it is Noon at Londo% it is 

H. M. 

cRome —— 052 P.M. 

. \ConJiantinople z 07 P.M. 

^^^yera-Cru^s^ 5 30 A.M. 

L'Pequin in CMna - — 7 50 P.M. 

Prob. XL The T^ay of the Month being 
given, to find thofe Places on the Globe 
where the Sun will be Vertical^ or in the 
Zenithy that "Day. 

Having found the Sun's Place in the 
Ecliptick, bring the fame to the Meridian, 
and note the Degree over it 5 then turning 
the Globe round, all Places that pafs under 
that Degree will have the Sun Vertical that 

Day. 

H Prob. 
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Prob. XII. A T lace being given in thi 
Jorrid Zonr, to find thofe two ^i^s 
in which the Sun Jball be Ferticsl to the 
fam. 

Bring the given Place to the Meridian, 
{^d mark w^^t Degree of Latitude is exact- 
ly over it: then turning the Glob^ about 
thofe two Points of the Ecliptick^ which 
pafs ^xa£tly under the faid Mark, give the 
Sun's Place at the times required j look upon 
the Wooden Hori^son for thofe two Points 
of the Ecliptick, and right againft them 
you 11 have the Days required. 

Prob. XIII. To find wheff the Sun is 
yfrtital dt am given Time affigned% or^ 
the 'T>ay of the Month and the Hour at 
any T lace {fuppoftljotiAon)beinz given f 
to find in what Tlace the Sun is Vertical 
^ that very Time.- , 

Having found the Suii's Declination, and 
brought the firfl: Place {Lot^on)^ to the 
Meridian^ fet the Index to the given Hour, 
then turn the Globe about until the Index 
points to I 2 at Noon i which bei^ig done, 
that Place upon the Globe which (lands un- 
der the Point of the Sun s Declination upon 
the Meridian, has the Sun that Momerfr in 
the Zenith. 

PROB^ 
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Pros. XIV. The Day, and the Hour of 
the 'Day at one 'Place, being Ptven i to 
find all thofe ^Places upon the Earthy 
where the Sun is then Rifing, Setting, 
Culminating, {or on the Mendian ;) a^o 
where it isDay -Light, T'zi;ilight, Dark 
Night, Mid night -y where the T-wilight 
then begins, and where it ends: the 
Height of the Sun in any Tart of the 
illuminated Hemifphere\ alfo his De- 
prejfion in the obfcurc Htmifphere. 

Having found the Place where the San 
is Vertical at the given Hour, reftify the 
Globe for the Latitude, and bring the faid 
Place to the Meridian. 

Then all thofe Places that are in the 
Wcftern Semicircle of the Horizon, have 
the Sun rifing at that Time. 

Thofe in the Eaftcin Semicircle have it 
fctting. 

To thofe who live under the npper Semi- 
circle of the Meridian, it is 12 o'Clock at 
Noon. And, 

Thofe who live under the lower Semi- 
circle of the Meridian have it Midnight. 

All thofe Places that are above the Ho- 
rizon, have the Sun above ihcm, juft fo 
much as the Places ihcmfclves are diflanc 
from the Horizon ; which Height may be 
known by fixing theQ.nadrant of Altitude 
H z in 



I0P Tie life of 

in the Zenith, and laying it ovcl: any par- 
ticular Place. 

In all thofe Places that are i8 Degrees 
below tlic Weftern Side of the Horizon, the 
Twilight is juft beginning in the Morning, 
or the Day breaks. And in all thofe Places 
that arc 1 8 Degrees below the Eaftern Side 
of the Horizon, the Twilight is ending, 
and the total Darknefs beginning. 

The Twilight is in all thofe Places whofc 
Dcpreffion below the Horizon does not 
exceed i8 Degrees. And 

All thofe Places that arc lower than 1 8 
Degrees h^ve dark Night. 

The Dcpreffion of any Place bdow the 
Jiorizon is equal to the Altitude of its AiP^ 
tipodeSy which may be eaftly found by the 
Quadrant of Altitiide. 

Prob. XV. The Tiay of ibe Month being 
given\ tojbewj at one view 9 the Length 
of T^ay and Night in all T laves upon 
the Earth 4ft that Time ; and to explain 
how the Vicijfnudes of ^ay and Night 
are really made by the Motion of the 
JEarth round her Axis in 24 Houts^ the 
Sun ftanding ft ill. , 

The Sun always illviminates one half of 
the Globe, or that Hcmifphere which is 
next towards him, while the other re^^s 
in Darljncfs : And if (as by the |afl: Problem) 

wc 
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we elevate the Globe according to the Sun's 
Place in the Eciiptick, it is evident that the 
Sun (he being at an immcnfe Diftancc from 
the Earth) illuminates all that Hemifphcre, 
which is above the Horizon j the Wooden 
Horizon it felf will be the Circle termi- 
nating Light and Darknefs } and all thofc 
Places that are below it, are wholly deprived 
of the Solar Light. 

The Globe (landing in this Pofitlon j thofe 
Arches of the Parallels of Latitude which 
ftand above the Horizon, are the "Diurnal 
Arches, or the Length of the Day in all 
thofe Latitudes at that Time of the Year; 
and the remaining Parts of thofe Parallels, 
which are below the Horizon, are the Noc- 
turnal Arches, or the Length of the Night 
in thofe Places. The Length of the Diur- 
nal Arches may be found, by counting 
how many Hours arc contained between 
the two Meridians, cutting any Parallel of 
Latitude, in the Eaftetn and Wcftcrn Parts 
of the Horizon. 

In all thofe Places that are in the Weftern 
Semicircle of the Horizon, the Sun appears 
riling : for, the Sun ftanding ftili in the 
Vertex, (or above the Erafs Meridian) ap- 
pears Eafterly, and 90 Degrees diftanr from 
all thofe Places that are in the Wcftcrn Se- 
micircle of the Horizon i and therefore ia 
tiiofc Places he is then riling. Now if 
we pitch upon any particular Place upon 
' H 3 the 
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the Globe; and bring it to the Mertdiati/ 
and then bring the Hour-Index to 12 at 
Noon, and afterwards turn the Globe 
about, until the aforcfaid Place be brought 
to the Weftcrn Side of the Horizon i the 
Index will then (hew the Time of Sun- 
fifing in that Place. Supfofing the Hour- 
Circle numbered the contrary way> then 
turning the Globe gradually about from 
Weft to Eaft, and minding the Hour- 
Index, we fhall fee the Pfogrefs made 
in the Day every Hour, in all Latitudes 
upon the Globe, by the real Motion 
ot the Earth round its Axis $ until, by 
their continual Approach to the BtzA 
JMeridian (over which the Sun ftand^ 
dill all the while) they at lad have 
Koon-Day, and the Sun appears at the 
higheft i and then by degrees, as they 
move Eaflcrly, the Sun fcems to decline 
Weftward, until, as the Places fuccef- 
lively arrive in the Eaftern Part of the 
Horizon, the Sun appears to fet in the 
Weftern : for the* Places that are in the 
Horizon, are 90 Degrees diftant ftom the 
Sun; We may obfcrve, that all Places upon 
the Earth, that differ in Latitude, have their 
Days of different length, (except when the 
Sun is in the Equinoctial) being longer or 
Ihofter, in proportion to what Part of the 
Parallels ftand above the Horizon. Tliofe 
that are in the fame Latitude ^ have their 

Days 
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Days of the fame length j but havC them 
commence fooner or later, according as 
the Places differ in Longitude. 

pROB. XVI. T0 explain in genetal the M' 
teratim of Seafons, or Length of the 
'Days and Nights, made in all Places 
of the World, by the Suns {or the Earth's) 
annual Motion in the Ecliptick. 

It has been (hewed in the hft Problem^ 
how to place the Globe in fuch a Pofition, 
as to exhibit the Length of the Diurnal and 
Nofturnal Arches, in all Places of the Earthy 
at a particular Time : If theHour-Circlc be 
taken off, fo that the Poles of the Globe 
may be brought to the Horizon ; and the 
Globe be continually rectified, according 
as the Sun alters his Declination, (whiclj 
may be known by bringing each Degree 
of the Ecliptick fucccflively to the Meridian) 
you'll fee the gradual Incrcafe or Dccrcafc 
made in the Days in all Places of the World, 
according as a greater or leflcr Portion of 
the Parallels of Latitude Hand above the 
Horizon. We fhall illulVrate this Problem 
by Examples taken at different Times of 
the Year. 

1. Let the Sun be in the firft Point of «, 
(which happens on the loth oijme) that 
Point being brought to the Meridian, will 
flitw the Sufl's Declination to be 2 3 4 Degrees' 
H 4. North i 



■ Ihtwuu 



Korth ; then the Globe muft be reftificd to 
the Latitude of 2 3 1 Degrees 5 and for the bet- 
ter Uluftration of the Problem, let the firft 
Meridian upon the Globe be brought under 
the Brafs Meridian. The Globe being in 
this Poiition, you'll fee at one view the 
Length of the Days in all Latitudes, by 
counting the Number of Hours contained 
between the two extreme Meridians, cutting 
any particular Parallel you pitch upon, in 
the Eaftern and Weftern Part of the Horizon. 
And you may obferve, that the lower Part 
of the Ardick Circle juft touches the Hori- 
zon, and couilequently all the People who 
live in that Latitude have the Sun above thelit 
Horizon iot the fpacc of 24 Hours,^ithout 
fetting i onljp when he is in the lower Part 
of the Meridian (which they would call 1 2 
at Night) he juft touches the Horizon. 

To all thofc who live between the Ardick 
Circle and the Pole, the Sijn docs not fcf, 
and its Height aboye the Horison, when 
he is in the Idwer Part of the Meridian> 
is equal to their Diftance from the Arftick 
Circle : for Example, Thofe who live in the 
8ofi& Parallel have the Sun ^hen he is loweft 
at this Time 1 34. Degrees high. 

If we caft our Eye Southward, towards 
the Equator, we fhall fi^d, diat the Diurnal 
Arches, or the Length of the Days in the 
feveral Latitudes, gradually Jeflen : The 
Diurnal Arcb of the Parallel of hfnid^ at 

this 
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this Time is i fii- Hours ; that of the Equator 
(is always) 1 2 Hours ; and fo continually 
kfs, till \vc come to the Antariiick CirdSy 
the upper Part of which juft touches the 
Horizon ; and thofe who live in this Lati- 
tude have juft one fight of the Sun, peeping 
as it were in the Horizon. And all that 
Space between the Antarftick Circle and 
the South Pole, lies in total Darknefs. 

If from this Pofition wc gradually move 
the Meridian of the Globe, according to the 
progreflive Alterations made in the Sun's 
Declination, by his Motion in the Ecliptick ; 
we ftiall find the Diurnal Arches of all thofc 
Parallels, that arc on the Northern Side of 
the Equator, continually decrcafc ; and thofe 
on the Southern Side continually increafe, 
in the fame manner as the Days in thofe 
Places Ihortcn and lengthen. Let us again 
obfcrvc the Globe when the Sun has got 
within 10 Degrees of the Equinoftial ; now 
the lower Part of the 80/^ Parallel of North 
Latitude juft touches the Horizon, and all 
the Space betwixt this and the Pole, falls in 
the illuminated Hemifpherej but all thofc 
Parallels that lie betwixt this and the At^ick 
Circle, which before were wholly above 
the Horizon, do now interfed it, and the 
Sun appears to them to rife and {zx. From 
hence to the Equator, wc fhall find that 
the Days have gradually fliortencd ; and 
from the Equator Southward, they have gra- 
dually 
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dually lengthened^ until we cotnt to the 
Zoth Parallel of South Latitude ; the upper 
part of which juft touches the IiorizQn> 
and all Places betwixt this and the South 
Pole are in total Darknefs : but thofe Pa^ 
rallels betwixt this apd the Antar^ick Girclef 
which before were wholly above the.Ho» 
rizon^ are now partly above it 9 the length 
of their Days being cXiStly equal to that of 
the Nights in the fame Latitude ia the con- 
trary Heoiifpherc. This alfo holds univcrt 
fally^ that the Length of the Day in one 
Latitude North, is exa^y equal to the Length 
of the Night in the fame Latitude South; 
and vice ver/a. 

Let us again follow the Motion of thQ 
Sun^ until he has got into the Equinodial, 
and take a view of the Globe while it is in 
this Poiition. Now all the Parallels of La*- 
titude are cut into two equ^l Parts by the 
Horizon, and confequently the Days and 
Nights are of equal lengths, viz. xz Hours 
each in all Places of the World 5 the Sun 
riling and fctting at Six o'Clock, excepting 
under the two Toks, which now lie exadly 
in the Horizon : Here the Sun fcems uy 
fiand dill in the fame Point of the Heavens 
for fome Time, until by degrees, by his Mo-? 
tion in the Eclipticky he afcends higher to 
one, and difappears to the other> there be*^ 
Ing properly no Days and Night* under the 
Poles I for there the Motion of the (arth 
round its Axis can't be obferved^ . If 



m 



Seft.3. the Globes. 1 

If we follow the Motion of the Sun to- 
wards the Southern Tropick, we ftiail fee 
the Diurnal Arches of the Northern Parallels 
continually dccreafe, and the Southern ones 
increafe in the fame proportion, according 
to their refpeftivc Latitudes : the North 
Pole continually defeending, and the South 
Pole afcending above the Horizon, until 1 
the Sun arrives into !> at which Time, all 1 
the Space within the Antatdick Circle is 
above the Horison 5 while the Space be- 
tween the Arftick Circle and its Neigh- 
bouring Pole, is in total Darknefs. And we 
fhall now find all other Circumflanccs quite 
reverfe to what they were when the Sun 
was in ^ ; the Nights now all over the 
World, being of the fame length that the 
Days were of before. 

We have now got to the Extremity of 
the Sun's Declination ; and if we follow 
him thro' the other half of the Ecliptick, 
and tcdXiy the Globe accordingly, we Ihall 
find the Seafons return in their Order, un- 
til at length wc bring the Globe into its firft 
Poluion. 
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pROB. XVII. To Jbew by the Globey at one 
'uiewy the Length of the Days^ and: 
Nights in any particular Tlace^ at all 
Times of the lear. 

Bccaufe the San by his Motion in the 
Ecliptick^ alters his Declination a (mall mat- 
ter every Day; if wfe fyppofe allthe Tor?^ 
rid Zone to be filled up with a fpiral Line, 
having fo many Turnings; or a Screw having 
fb many Threads, as the Sun is Daysin go- 
ing from one Tropick to the other; and. 
thefe Threads at the fame Diftance from one 
another in all Places, as the Sun alters his 
Declination in one Day in all thofe Places 
relpedively : This Spiral Line or Screw will 
reprefent the apparent Paths defcribed by 
the Sun rornid the Earth every Day ; and 
by following the Thread from one Tropick 
to the other, and back again, we (hall have 
the Path the Sun feems to defcribe round 
the Earth in a Yean But bccaufe the Ineli* 
nations of thefe Threads to one another 
are but fmall, we may fuppofe each Diurnal 
Path to be one of the Parallels of I^titudc» 
drawn, or fuppofed to be drawn upon the 
Globe. Thus much being premifed, we 
fliall explain this Troblemy by placing the 
Globe according to fome of the moft re* 
markable Pofitions 'of it ; as before we did 
for the moft remarkable Seafons of the Year. 
2 In 
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In the preceding Problem, the Globe being 
reftified according to the Sun's Declination, 
the upper Parts of the Parallels of Latitude, 
represented the "Diumai Arches, or the 
Length of the 'Days all over the World at 
that particular Tim? : Here we are to redify J 
the Glpbe according to the Latitude of the j 
Place, and then the upper Parts of the Pa- J 
rallcls of Declination are thcDiurnal Arches { fl 
and the Length of the Days at all Times of 
the Year, may be here determined, by find- 
ing the Number of Hours contained be- 
tween the two extreme Meridians, which 
cut any Parallclof Declination, intheEaftcrn 
and Weftcrn Points of the Horizon } after 
the fame manner as before we found the j 
Length of the Day in the feveral Latitudes 1 
at a particular Time of the Year. * 

1. Let the Place propofed be under the 
Equinoftial, and let the Globe be accord- 
ingly reflified for 00 Degrees of Latitude, 
which is called a dire£t Pofition of the Sphere. 
Here all the Parallels of Latitude, which in 
this cafe we'll call the Parallels of Declina- 
tion, are cut by the Horizon into two equal 
Parts ; and confequently thole who live 
under the Equinoiiial have the Days and 
Nights of the fame Length at all Times of 
the Year ; alfo in this Part of the Earth, 
all the Stars rife and fet, and their Conti- J 
nuance above the Horizon, is equal to theif J 
Stay below it, viz. 12 Hours. ' 

If 
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will omdmiaUy fiKicafi^ mdl vc come 10 
^TMMAcfX)cdiinAoo^ as£tf<fiiaiitfiofii 
ihcEcpttOoCtulf it$dit Vhcek felf bfront 
tiKPolc. This Panlld wiH jcft touch the 
Iforimo^ and all the Hezfcoij Bodks that 
arc betirixt itMd ibc Pole nercr defccnd 
bdov the HorixofL In the mean lune, 
while we are moring the Globe, the Lengths 
of the IMomal Arches of the Southern Fa- 
lallels of Declination, continnally dhmnifli 
In the fime Proportion that the Northern 
ones incrcafed; until vrc come to that 
IParallel of Declination which is (b far diftant 
from the £quinoAfal Southerly, as the Place 
It fclf is from the Korth Pole. Theu^pcr 
fiXtotthisfParalM juft touches the Hori- 
zon, and all the Stars that are betwixt it 
and the South Pole, never appear abore the 
Horizon. All the Noduraal Arches of the 
Southern Parallels of Declination, are exadly 
of the fame Length with the Diurnal Arch^ 
of the correfpondent Parallels of North De- 
cHn.itk)n. 

1 . Let us rake a view of the Globe, when 
It is rectified for the Latitude of Ltnitrli^ 
or 5i| Degrees North. When theSnn is 
In the Tropick of S, the Day is about 
I d| Hours i as he recedes from thb Trof^ck, 

a the 
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the Days proportionably fhorten, until he 
arrives into t^-, and then the Days are at the 
fhofteft, being now of the fame length with 
the Night when (he Sun was in s, -visi. 
7^ Hours. The lower part of that Parallel 
of Declination, which is 3 %\ Degrees from 
the Equinodial Northerly, juft touches thc- 
Horizon ; and all the Stars that arc betwixt 
this Parallel and the North Pole, never fet 
to us at London. In like inanner the upper 
part of the Southern Parallel of 3 84 Degrees 
juft touches the Horizon, and all the Stars 
that He betwixt this Parallel and the South 
Pole are never vifible in his Latitude. 

Again, let us reftify the Globe for the 
Latitude of the Ar^ick Circle, wc fhall 
then find, that when the Sun is in ffi, he 
touches the Horizon on that Day, without 
fctting, being 24 Hours compleat above the 
Horizon ; and when he is in Capricorn, he 
once appears in the Horizon, but does not 
rife for the fpaccof 2+ Hours : when he is 
in any other Point of the Ecliptick, the Days 
are longer or fhorter, according to his Di- 
ftance from the Tropicks. All the Stars that 
lie between the Tropick of Cancer, an4 
the North Pole, never fet in this Latitude; 
and thofc that are between the Tropick of 
Capricorn and the South Pole, are alwaysi 
hid below the Horizon. 

If wc elevate the Globe fiill higher, thd ' 
Circle oiperpetual Apparition will be nearer •! 
the 
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the Equator, as will that oi perpetual Oc'>' 
cultstion on the othci: fide. For Example^ 
Let us rcdify the Globe for the Latitude of 
Sp Degrees North; when the Sun's Dedi* 
nation is i o Degrees North, he begins to turn 
above the Horizon without fetting, and all 
the while be is making his Prpgrefs from 
this Point to the Tropick of s, . and back 
again, he never fets. After the (ame manner, 
when his Declination is i o Degrees South, 
he is juft feen at Noon in the Horizon y and 
all the while be is going Southward, and 
back again, he difappears, being hid juil fo 
long as before, at the oppofite Time of the 
Year he appeared vifible. 

Let us now bring the North Pole into 
the Zenith, then will the £quinoftial co- 
incide with the Horizon $ and confcquent- 
]y all the Northern Parallels are above the 
Horizon, and the Southern ones below it. 
Here is but one Day and one Night through*, 
out the Year.; it being Day all the while 
the Sim is to the Northward of the Equi- 
nodial, and Night for the other half Year. 
All the St^rs that have North Declination 
always appear . above the HorizoQ> and at 
the fame Height j and all thofe that ^e on 
the other ftde, are never feen, 

What has been here faid of redifying the 
Globe to North Latitude, holds for the fame 
Latitude South i only that before the longeft 
Days were, when the Sun was in St. the 

fame 



■fame happening now when the Sun is in ly-y 
and foofthereftof the Parallels, the Seafpns 
ieing diredly oppofite to thofe w.ho live in 
'difFetent Hemilphercs. . 

The three foregoing Problems are veiy ^^ 
.ufefuj, as th^y give us a geaeral Idea how ^^M 
the Scafons are altered in all Places of the ^^H 
fWofld, and do very well deCerve the par' ^^M 
'^t^t^ular Attention of the Reader ; it being ^^M 
•undoubtedly entertaining, to know hovvthefe ^^M 
things are brought about by t^e ccgnlat ^^M 
^Courlc of Nature. ^^H 

For the fake of the Reader, I Ihall explain ^^M 
yComc Thiogs delivered above in geneial ^^| 
Terms, by particular Problems. ^^M 

.- 'But from what has been already Caid, ^e ^^M 
.<nay lirft make the following Obfervations. ^^M 

1 . j^/i Tlaces of the Earth do equally ^^| 
\ §njoy the benefit of the Sun, in refpeSl of ^^| 

,3:me, and are equally deprived of it ; the ^^| 

Wiays at one Time of the Tear being exaii^ ^^| 

.<^qual to the Nights at the oppojite Seafon. ^^| 

2. In allT laces of the Earthy fave ex- ^^| 
-i'-villy under the Toles, the 'Days and Nights ^^| 
'-, are of equal Length, (viz. 12 Hours each) ^^| 
\-when the Sun is in the Equino£iial. ^^H 
f 3 . Thofe who live under the EquinoCtiuX ^^H 
xthave the^ays and Nights of equal lengthu ^^H 
,i;«f all Times of the Tear, ^^H 
i_ 4. In all-Tlaces bet-ween the Equino£fial ^^| 

and the Tales, the 'Days and Nights are ^^ 
c ! I ' never 
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never equal, but when the Sun Is- ht" the 

Equineifial 'Point s Y and :z: '■'■■■ 

i . The nearer any Tlace is to the Equa~ 

tory the lefs is the 'Difference between the. 

Length of the Artijiciai T>ays and Nights 

Tin the faidT lace ■-, and the mare remote, tht 

\ greater. 

6. To all the Inhabitants lying under 
''the fame Tar allei of Latitude, the 'Days 
fl^/ind Nights are of equal Lengths^ and that 
^ 'at all Times -of the Tear. ■ :: ■ 

i 7. The Sun is Vertical twice a Tear, to 
P ^all T laces between the Troprcks ; to thofe 
\'ftnder the Tropicks, once a Tear, but never 
, any where elfe. '■ 

8. In all Tldces between the Tolar Cir- 
cles, and the Tales, the Sun appears fame 

' Number of T>aysis^ithout fetting; and at 
* the oppojite Time of the Tear, he is for the 
"ame length of Time without rifing : and 
he nearer unto, or further remote from the 
^Tole, thofeTlaces are, the longer or fhorter\ 
is the Sun's continued Trefence in, or Ah*^ 
fence from the fame. 

9. In all Tlaces lying exaifly under the 
Tolar Circles, the Sun, when he is in the 
neareJlTropick^ appears za, Hours without 
fetting', and when he is in the contrary 
Tropick, he is for the fame length of Time 
without rifing ; but at all other Times of the J 
Tear he rijbs and fets there, as in other ' 
Tlaces. 
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Hemijphere, the Longeji "Hay-, and 
Skorteft Night, is when the Sun is in the 



"S 



{S™}^"/^^^' 



and the contrary. 
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PROB. XVIII. The Latitude ofanyTkce; 
not exceeding 66^ degrees, andthe^ay 

■ of the Month being given, to find the 
Time of Sun-rifing and fet ting, and the 
Length of the 'Day and Might, 

■ Having rcftified the Globe according to 
the Latitude, bring the Sun's Place to the 
Meridian, and put the Hour-Index to 12 at 
Noon 5 then bring the Sun's Place to the 
Eaftern Part of the Horizon, and the Index 
will fiicw the Time when the Sun rifes. 
Again, turn the Globe until the Sun's Place 
be brought to the Weftern Side of the Ho- 
rizon, and the Index will (hew the Time of ■ 
Sun-fetting. 

The Hour of Sun-fctting doubled, giVM 
the Length of the Day ; and (he Hour of 
Sun-rifing doubled, gives the Length of the 
Night. 

Let it be required to find when the Sun 
rifes and fets at London on the ^oth of 
jioril. RciUfy the Globe for the Latitude 
of London, and having found the Sun's 
fUce, correfpondingto^^r//ihe zoth,viz. 
I 2 ^ 
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a lo J Degree, beingH lo^ Degrees to the 
Meridian, and fet the Index to i z at Noon $ 
then turn the Globe about till a lo^ Degrees 
be brought to the Eaftcrn part of the Hori- 
zon,aod you'll find the Index point 44 Hours^ 
this being doubled, gives the Length of the 
Night 94 Hours, Again, bring the Sun's 
Place to the Wcftern patt of the Horizon, 
[_d^id the Index will point 7-i. Hours, which, 
is the Time of Sun-fettidg ; this being 
doubled, gives the Length of the Day 144. 
Hours. 

Prob. XIX. T&find the Length &f the 
Longeft and Shortefi T>ay and Night j 
in anjr gi-ven TUce^ not exceeding 664. 
1>egrees of Latitude, 

Note, The Longeft Day at all Places on 

*^^T5outh f ^^^*^ °^ ^^^ Equator, is when, 

the Sun is in the firft Point of i^^^^.' \ 

Wherefore having reftified the Globe for the 
[ Latitude, find the Time of Sun-tifing and 
fetting, and thence the Length of the Day 
and Ni-ihtas inthc laft Problem, according 
to the Place of the Sun: Or having ccaified 
the Globe for the Latitude, bring the folfti- 
tial Point of that Hemifphere to the Eaft- 
part of the Horizon, and let the Index to i z 
at Noonj then turning the Globe about till 
the 
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the faki Solfthial Point touches the Weflern 
Side of the Horizon 5 the Number of 
Hours from Noon to the PI^cc where the 
Index points (being counted according to 
the Motion of the Index) is the Length of -, S 
the Longed Day 5 the Complement whereof ^| 
to 24 Hours, is the Length of the Shbrtcft' H 
Night, and the Reverfe gives the Shortcft- H 
Paf and the longcft Night. ^ 

Lmieft Day. Short. N. " 
SDfg-. Hours. Hhuts. 

Thus inLat.<5i|-— 16| 74^, 

C'do — 184- 5t,' 

If from the Length of the Longcft Day, ybu ^ 

fubtraft 12 Hours, the Number of half- fl 

Hours remaining will be the Climate : Thus ^| 

thatPlaccwherethcIongeftDay is ifiiHours, ^| 

lies in the 9th Climate. And by the Re- ^| 

vcrfe, having the Climate, you have there- ^| 
by the Length of ilie Longeft Day. 

Prob. XX. To find in what Latitude the 
Longeft 'Day is, af any given. Length lefs 
than 24 Hours, 

Bring the Solftitial Point to the Meri- ^| 

4ian, and fee the Index to 1 2 at Noon ; then, ^H 

turn the Globe Weftward till the Index- ^^k 

.points at half the Number of Hours given ; ^| 

which being done, keep the Globe from ^| 
jRumog cound its Axis, and Aide the Mcri- 
1 3 dian 
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dim up or down in the Notches^ liU \ 
Solftitial Point comes to the Horizon, theni^ 
that Elevation of the Pole will be the Lati->| 
tude. 

If the Hours given be 1 6, the Latitudcii 
is 49 Degrees ; if 20 Hours, the Latitude isi| 
6ji Degrees. 

Prob. XXI. A 'Place being given in one i\ 
of the Frigid Zones 'fuppofe the Nor- 
thern) to find what Number of^ays 
{of 24 Hours each) the Sun doth con- 
ftantly Jhine upon the fame, how longhf 1 
is abfent., ana alfo thefrfi and lafi %fajr I 
of his Appearance. 

Having rectified the Globe according 
the Latitude, turn it about until fomc Point' 
in the firft Quadrant of the Ecliptick (bc- 
caufe the Latitude is North) interfed the 
Meridian in the North Point of the Horizon ; 
and right againft that Point of the Ediptit 
on the Horizon, ftands the Day of (I 
Month when the longeft Day begins. 

And if the Globe be turned about fill 
fome Point in the fccond Qiiadrant of the 
Ecliptick cuts the Meridian in the fame Point 
of the Horizon, it will fhew the Sun's Plai 
when the longeft Day ends; whence th< 
Day of the Month may be found as before/ 
Then the Number of Natural Days con,J 
tain'd between the times the longeft Da; ' 
bcgi ' 
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begins and ends is the Length of the Long- 
eft Day required. 

Again turn the Globe about, until fomc 
Point in the third Quadrant of the Ecliptick 
cuts the Meridian in the South Part of the 
Horizon ; that Point of the Ecliptick will 
give the Time when the Longeft Night be- 
gins. Lallly, turn the Globe about until 
lome Point in the fourth Quadrant of the * i 
Ecliptick cuts the Meridian in the South ■ 
Point of the Horizon j and that Point of the 
Ecliptick will be the Place of the Sun, when ! 
the Longcft Night ends. 

Or, the Time when the longefl: Day or 
Night begins, being known, their end may . 
be found by counting the Number of Days 
from that Time to the fucceeding Solftice; 
then counting the fame Number of Days 
from the Solftitial Day, will give the Time 
when it ends. 

Or, if you bring the Solftitial Point ^ to 
the North Part of the Meridian, then keep 
theGlobe in ihatPofition J the Place where 
the Ecliptick cuts the North-Eaftcrn and 
North- Weftern Parts of the Horizon, will be 
the Sun's Place when the longeft Day be- 
gins and ends ; and where it cuts the South-. 
Weftern, and South-Eaftern Parts of the 
Horizon, will be the Place of the Sun when- ^ 
the longcft Night begins and ends. 

Thus at the North Cape on the Coaft oft i 
Lapland, in ' ' ' ' " " ~ 
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the longcft Day begins about the 4ih;of-jfJ 
May, and ends the 19th of Ju// j after 
which, the Sun rifes and fets till the 4th of 
November, when he but firft touches the 
Horizon in the Southcrmoft Point of it, and 
then continues below it till the 1 6th oi Ja- 
nuary., wlien he'll juft appear to rife in the 
Meridian after he had been hid below the 
Horizon, for the Space of 7 3 NaturaiDzys, 
which is the Length of the Longcflr Night. 

After the fame manner may thcfc things 
bo cafily found for any Place either within 
the Ar£lick or AntarBick Circle. 



P R o B. XXII. To find in wha^t Latitudt' 
the Longeft T^ay is of any given Length: 
lefs than 1 8 2 Natural Dayj. 

Find a Point in the Ecliptick, half fo 
many Degrees diftant from the Solftitial 
Point, as there are Days given, and bring 
that Point to the Meridian j then keep the 
Globe from turning round its Axis, and 
move the Meridian up or down until 
the aforefaid Point of the Ecliptick comes 
to the Horizon: that Elevation of the Pole 
will be the Latitude required. 

If the Days given were 78, ihc Latitude 
is 714 Degrees. 

This Method is not accurate, bccaufe the 

Degrees in the Ecliptick do not corrcfpond 

to Natural Days ; and aUo becaufe the 

Sun 
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San docs not always move in the Ecliptick 
at the fame rate ; however fuch Problems 
as thele may iTervc for Amuiements. 

PROB. XXUI. T^ T^ay of the Month beinz 
giveny to find 'when the Morning a^ 
Evening Twilight begins and ends, in 
any "Place upon the Glabe^ 

In the aforegoing Problems, by the Length 
ofthelDay, we meant the Time from Sun- 
rifing to Sun-fet j and the Night wc reckoned 
from Sun-fet till he rofc next Morning. Euc 
it is found by experience, xhziTotal'Dark- 
nefs docs not commence in the Evening, 
till the Sun has got i8 Degrees below the 
Horizon ; and when he comes within the . 
fame Diftance of the Horizon next Morning, ■, 
wc have the firft 'Dais;n of T)ay. This/ 
faint Light which we have in the Morning 
and Evening before and after the Sun's riling 
and fetting, is what we call the Twilight.. 

* Having reftificd the Globe for the Lati- *'''''*■ ^^ J 
tude, the Zenith, and the Sun's Place; turn 
the Globe, and the Quadrant of Altitude 
wntil the Sun's Place cuts iS Degrees below 
the Horizon (if the Quadrant reaches fo far) 
thenthe Index upon theHour-Circle wiilfticw 
the Beginning or Ending of Twilight, after 
the fame manner as before we found the 
Time of Sun-rifing and fetting, m'Prob. li. 
But by teafon of the Thicknefsof the Wooden 
I Hori- 
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Horizon, wc can't conveniently fee, or com- 
pute when the Sun's Place is brought to the 
Point aforcfaid. Wherefore the Globe being 
ledified as above direded, turn the Globe 
and alfo the Q^iadrant of Altitude Wcftward, 
until that Point in the Ecliprick, which is 
oppofite to the Sun's Place, cuts the Qua- 
drant in the 1 8f A Degree above the Horizon-; 
then the Hour-Index will fliew the Time 
when Day breaks in the Morning. And if 
you turn the Globe and the Quadrant of 
Altitude, until the Point oppoute to the 
Sun's Place cuts the Quadrant in the lith 
Degree in the Eaftern Hemifphere ; the 
Hour-Hand will fhew when Twilight ends 
in the Evening. Or, having found the Time 
from Midnight when the Morning Twilight 
begins, if you reckon fo many Hours before 
Midnight, it will give the Time when the 
Evening Twilight ends. Having found the 
Time when Twilight begins in the Morning, 
find the Time of Sun-rifing, by Trob. i8. 
and the Difference will be the duration of 
Twilight. 

Thus at London, on the firft of May, 
Twilight begins at three quarters part One 
o'clock ; the Sun rifes at about half an 
Hour pad Four ; whence the Duration of 
Twilight now is 2.^ Hours, both in the Morn- 
ing aiid Evening. On the ^r^oi November , 
the Twilit,ht begins at half an Hourpaft Six, 
being fomewhat above an Hour before Sun- 
rifing. Prob. 
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Prob.XXIV. To find the Time whentotat 
^arknefs ceafes, or when the Twilight 
continues from Sunfetting toSun'rifing-^ 
in any given Tlace. 

Let the Place be in the Northern Herai- 
fphere i then il the Complement of the 
Latitude be greater than (the Deprellion) 
1 8 Degrees, fubtrait 1 8 Degrees from it, 
and the Remainder will be the Sun's Decli- 
nation North, when teal Darknefs ceafes. 
But if the Complement of the Latitude is lefs 
than 1 8 Degrees, their Difference will be 
the Sun's Declination South, when the Twi- 
light begins to continue all Night. If the 
Latitude is South, the only DiiFerence will 
be, that the Sun's Declination will be on 
the contrary fide. 

Thus at London, when the Sun's Decli- 
nation North, is greater than zo-J- Degrees^ 
there is no total Darknefs, but conftant 
Twilight, which happens from the isth oi 
May to the 7th of July, being near two 
Months. Under the North Pole the Twi- 
light ceafes, when the Sun's Declination is 
greater than 1 8 Degrees South ; which is 
from the %d of November, till the i ith of 
January : fo that notwirhftanding the Sun 
is abfcnt in this part of the World for half 
a Year together, yet total Darkness does not 
cpntiuuc abovp i ; W^tk* » ia4, l^eTiJcS' the 
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Moon is above the Horizon once a Month 

for a whole Fortnight throughout the Year. 

Prob. XXV. The Tiay of the Month being 
given, to find thofe ^Places of the Frigid 
Zones, where the Sun begins to Jhine 
conft ant ly wit hotttfet ting; andalfothofe 
'P laces ijshere he begins to betotaliy abfent^ 

Bring the San's Place to the Meridiari;'' 
and mark the Nunfiber of Degrees contained* 
betwixt that Point and the Equator ; thea ■ 
count the fame Number of Degrees from' 
the ncareft Pole (wa. the North Pole, if 
the Sun's Declination is Northerly, other- 
wife the South Pole) towards the Equa- 
tor, and note that Point upon the Meridian ; 
then turn the Globe about and all the 
Places which pafs under the faid Point, are 
thofe where the Sun begins to fhinc con- 
ftantly, without fetting on the given Day, 
If you lay the fame Dil^ance from the op- 
pofite Pole towards the Equator, and turn 
the Globe about, all the Places which pafs 
under that Point, will be thofe where the 
longcft Night begins. 

Prob. XXVI. The Latitude of the Tlace 
being given^ to find the Hour of the "Day 
•when the Sun Jbmes. 
If it be in the Summer, elevate the Pole 

according to the Latitude, and fet the Me^ 
tidiaa 
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rUian due North and South % then ttie Sha- 
dow of the Axis will cut the Hour on the 
Dial-Plate : For the Globe being reftified 
in this manner, the Hour-Circle is a true 
EquimEiial^ial; the Axis of the Globo 
being the Gnomon. This holds true in J 
Theory, but it might not be very accuraw | 
in Praftice, becaufe of the Difficulty in I 
placing the Horizon of the Globe truly Ho- / 
xiztHUal, and its Meridian due North anit j 
South. 

If it be in the Winter Half- Year, elevate 1 
the South Pole according to the Latitud* I 
North ; and let the North Part of the Ho^ j 
Fizon be in the South Part of the Meridian t 
then the Shade of the Axis will fliew the | 
Hour of the Day as before. But this cannot J 
be fo conveniently performed, tho' the Rca- 
fon is the fame as in the former Cafe. 

PnoB. XXVII. To find the Sim's AUitude 

when it jbineSt by the Globe. 

Having fct the Frame of the Globe truly 
horizontal or level, turn the North Poltf i 
towards the Sun, and move the Meridian 
up or down in the Notches, till the Axis 
calls no Shadow ; then the Arch of the 
Meridian, contained betwixt the Pole and 
the Horizon, is the Sun's Altitude. 

NotCy The beft way to find the Sun'*! 
'Altitude> is by a little Quadrant graduated 
into 
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into Degrees, and having Sights and a Plum- 
met to it : Thus, hold the Quadrant in yout 
Hand, fo as the Rays of the Sun may pafs 
thro' both the Sights j the Plummet then 
hanging freely by the Side of the Inftru- 
nicnt, will cut in the Limb the Altitude 
required. Thefc Quadrants are to be had 
at thelnftrument-Makers, with Lines drawn 
upon them, for finding the Hour of ihc 
Day, and the Azimuth, with feveral other 
pretty Conclufions, very entertaining for 
Beginners. 

P R o B. XXVIII. The Latitude, and the 
T>ay of the Month being given, to find 
the Hour of the ^ay when the Sun 
fhines. 

Having placed the Wooden Frame upon 
a Level, and the Meridian due North and 
South, rectify the Globe for the Latitude, 
and fix a Needle perpendicularly over the 
Sun's Place : The Sun's Place being brought 
to the Meridian, fet the Hour-Index to i z 
at Noon, then turn the Globe about until 
the Needle points cxadly to the Sun, and 
caHs no Shadow, and then the Index will 
fhcw the Hour of the Day- 
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Prob. XXIX. The Latitude, the Sun's 
Tlace, and his Altitude, being given % 
to find the Hour of the Tiay^ arid the 
Sun's Azimuth from the Meridian. 

Having redified the Globe for the Latitude, 
the Zenith, and the Sun's Place ; turn the 
Globe, and the Quadrant of Altitude, Co that 
the Sun's Place may cut the given Degree of 
Altitude; then thcIndexwiliftiewtheHour, 
and the Quadrant will cut the Azimuth in 
the Horizon. Thus,ifatXtfBi^(;«,onthe \oth 
of Aiiguft, the Sun's Altitude be j 6 Degrees 
in the Forenoon, the Hour of the Day will 
be IX, and the Sun's Azimuth about <,% 
Degrees from the South Part of the Meri- 
dian. 

Prob. XXX. The Sun's Azimuth being 
given, to place the Meridian of the Globe 
due North and South, or to find a Me- 
ridian Line when the Sun fiines. 

Let the Sun's Azimuth be 30 Degrees 
South-Eafterly, fet the Horizon of the Globe 
upon a level, and bring the North Pole 
into the Zenith ; then turn the Horizon 
about, until the Shade of the Axis cuts 
as many Hours as is equivalent to the Azi- 
muth, (allowing i s Degrees to an Hour) 
in the North- Weft Part of the Hour-Circle ; 
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visi. X at Night j which being done, the 
Meridian of the Globe (lands in the ttue 
Meridian of the Place* The Globe ftanding 
in this Pofition, if you hang two Plummets 
at tlieNotth and South Points of the Wooden 
Horizon, and draw a Line betwixt them, 
you'll have a Meridian Line; which if it be 
on a fixed Plain (as a Ploot or Window) 
it will be a Guide for placing the Globe 
due North and South at any other Time. 

P ROB. XXXI. The Latitude, Hour of the 
©<y, and the Sun's 'Place being given, 
tofndthe Stm's Altitude and Azimuth. 

RjEiaify the Globe for the Latitude, the 
Zenith, and the Sun's Place ; then the Num- 
ber of Degrees contained betwixt the Surx's 
Place and the Vertex is the Sun's Meridio- 
nal Zenith Diftance ; the Complement of 
which, to 90 Degrees, is the Sun's Meridian 
Altitude, if you turn the Globe about un- 
til the Index points at any other given 
Hour, then bringing the Quadrant of Alti- 
tude to cut the Sun's Place, you'll have the 
Sun's Altitude at that Hourj and where the 
Quadrant cuts the Horizon, is the Sun's 
Azimuth at the fame Time. Thus May the 
■3.0th-, at London-, the Sun's Meridian Alti- 
tudewi!lbe6i4 Degrecsj andat lOo'Clock 
in the Morning, the Suns Altitude will be 
52 Degrees; andhis Azimuth about jo De- 
grees from the SouthPart of the Meridian. 

PROB. 



I 
1 



w 



JSeUT, o B E 5. 



129 



P R o B. XXXn. T^e Latitude of the Thee, 
and the T^ay of the Month being given i 
to find the 'DepreJ/ion of the Smi he/o'iv 
the HorizoJty and his Azimuth at any 
Hour of the Night. 

Having reaificd the Globe for the Latitude, 
the Zenith, and the Sun's Place j take a Point 
in the EcUptick, exadly oppofite to the Sun's 
Place, and find the Sun's Altitude, and Azi- 
muth, as by the lafl: Problem -, and thefe 
will be the Depreflion and the Altitude re- 
quired. Thus, If the Time given be the 
^oth of November^ at i o o'Clock at Night, 
the Depreflion and Azimuth will be the 
fame as was found in the laft Problem. 

Prob. XXXIII. The Latitude, the Sun's 
Tlace, and his Azimuth being given j 
to find his Altitude, and the Hour. 

Redify the Globe for the Latitude, the 
Zenith, and the Sun's Place; then put the 
Quadrant of Altitude to the Sun's Azimuth 
in the Horizon, and turn the Globe till the 
Sun's Place meet the Edge of the Quadrant j 
then the faid Edge will fhew the Altitude, ' 
and the Index point to the Holu. Thus» 
May the \oth at London^whtn the Sun is due 
Eaft, his Altitude will be about 24 Degrees, 
and the Hour about Vn in the Morning : 
K and 
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and when his Azimuth is 60 Degrees South- 
Wcfterly, the Altitude will be about 44i 
Degrees^ and the Hour about 2^ in the Af- 
ternoon. 

Thus, the Latitude and the Day being 
known, and having befides either the Alci* 
tude, the Azimuth, or the Hour > the other 
tiyo may be eafily found. 

Prob. XXXIV. Ti&^ Latitude, the Sun's 
Altitude y and his Azimuth ^ being given 3 
to find his Tlace in the Ecliptick and 
the Hour. 

Reftify the Globe for the Latitude and , 
Zenith, and fct the Edge of the Quadrant,^ 
to the given Azimuth 5 then turning the 
Globe about, that Point of the Ecliptick! 
which cuts the Altitude, will be the Sun s 
Place. Keep the Quadrant of Altitude ia 
the Tame Pofition, and having brought the 
Sun'sJPlace to the Meridian, and the Hour- 
Index to 1 2 at Noon 5 turn the Globe abwt 
till the Sun's Place cuts the Quadrant t>f 
Altitude, and then the Index will point the 
Hour of the Day. 

Prob. XXXV. The T>eclinatian ondMi^ 
ridian Altitude of the Sfm^ or rf iMf 
Starbeinggwens tofimlthe Latitude of 
the Tlace. 

Mark the Point of Declinatioo upon ttic 
Meridian, according as it is cither Nortfik or 

" Soiiih, 
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South; from the Equators then flide the 
Meridian up or down in the Notches, till 
the Point of Declination be fo far djftant 
from the Horizon, as is the given Mendian 
Altitude J that Elevation of the Pole will be 
the Latitude. 

Thus, If the Sun's, or any Star's Meridian 
Altitude be 50 Degrees South, and its De- 
clination 1 1^ Degrees North, the Latitude 
will be5i|. Degrees North. 

Prob. XXXVL TheT^ay and Hour df a 
Lwnar Eclipfe being known $ to find alt 
thoff Places upon the Globe in which 
the fame will be vifible. 

*Find where the Sun is Vertical at thePr*^. <ll 
given Hour, and bring that Point to the 
Zenith 5 then the Eclipfe will bevifible in 
all thofe Places that are under the Horizon : 
Or, if you bring the Antipodes to the PIa(!e 
where the Sun is Vertical, into the Zenith^ 
you'll have the Places where the Eclipfe will 
be vifible above the Horizon. 

NatOy Becaufe Lunar Eclipfes continue 
fometimes for a long while together, they 
may be feen in more Places than one He* 
mifphere of the Earth 5 for by the Earth^s 
Motion round its Axis, during the Time of 
the Eclipfe, the Moon will rife in feverid 
places after the Eclipfe began., 

Note^ When an Eclipfe of the Sun is 
Cencrai) if you teing the Place where the 
'^ ^ K a Sun 
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Sun is Vertical at that Time, into the Ztf^ 
nith, fomc part of the Eclipfe will be vifi- 
ble in moft Places within the upper Hemi- 
iphcre : but by rcafon of the fhort Duration 
of Solar Eclipfes, and the Latitude which 
the Moon commonly has at that Time, 
(tho' but fmall) there is no certainty in 
determining the Places where thofe Edipfcs 
will be vifiblc, by the Globe i but recourfe 
muft be had to Calculations. 

P R o B. XXXVII. The ^ay of the Month, 
and Hour of the ^ay, according to our 
way of reckoning in England, being given, 
to fnd thereby the Babylonick, Italick, 
and the Jewifh or "Judaic al Hour. . 

1 . To find the Babylonick Hour (which 
is the Number of Hours from Sun-rifing.) 
Having found the Time of Sun*riftng in 
the given Place, the Difference betwixt this 
and the Hour given, is the Babylonkk Hour. 

2. To find the Italick Hour, (which is 
the Number of Hours from Sun-fctting.) 
Subtrad the Hour of Sun-fetting, from the 
given Hour, and the Remainder will be the 
Italick Hour required. 

3 . To find the Jewijb Hour, (which is 
^ Part of an Artificial Day.) Find how 
many Hours the Day confifts of} then fay, 
as the Number of Hours the Day confifts 
of, is to 1 2 Hours; fo is the Hour (ince Sun- 
riling, to the Judaical Hour required. 

Thus^ 






\ 
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Thus, If the Sun rifcs at 4 o'CIock, 
(confcqueutly fcts at 8) and theHourgiveii 
be 5 in the Evening, the Babylonkk Hour 
will be the 13?^; the Italtck the 2 \ft j and 
the Jevjjjb Hour will be Nine and three 
Quarters. 

The Convcrfe being given, the Hour of 
the Day, according to our way of reckon- 
ing in England, may bs cafily found. 

The following Problems arc peculiar to 
the O/^/w/ Globe. 

Prob. XXXVIII. To find the Right Afcen- ^H 
Jion and 'Declination of the Sun or any ^^| 
Fixed Star. ^H 

Bring the Sun's Place in the Ecliptick to ^^| 
the Meridian ; then that Degree of the £- ^^| 
quator, which is cut by the Meridian, will ^^| 
be the Stin's Right Afienfion % and that Dc- ^H 
grceof the Meridian, which is exactly over ^^| 
the Sun's Place, is the Suns 'Declination. ^^| 
After the fame manner, bring the Place of ^H 
any Fixed Star to the Meridian, and you'll ' 

find its Right Afcenfion in the Equinodial, 
and Declination on the Meridian. 

Thus, the Right Afcenfion and Declina- 
tion is found, after the fame manner as the 
Longitude and Latitude of a Piacc upon the ^H 
Tfrrip/^r/d/ Globe. ^H 

KotBy The Right Afcenfion and DecH- ^3 
nation of the Sun vary every Day i but the 
K 3 Right 



Thus on 
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Right Afccnfion, &c. of the Fixed Stars is 
the feme throughout the Year*, 

The Sun's Right Afcenfion. Declin. 

"Deg. ^eg. 

January 20 314 I7-5-S. 

\March 25 14 ^ N. 

July 10 120^- 2o4>N* 

Novetnb.is 242—21 S, 

R. Afc. Decl. 
"Deg. "Deg. 

Aldeharm '— ^ 65 16 N. 

Spica Virginis » . . ■ 197^ Pt S- 

Capella 74 45 tN. 

Syrius^ or the Tfog-Star 98^ 1 6^ S. 

NotCy The Declination of the Sun may 
be found after the fame manner, by the 
Terreftrial Globe 5 and alfo his Right Afcen- 
fion, vh^n the Equinodial is numbered 
into i 60 Degrees, commencing at the Equi- 
noctial Point r : but as the Equinoctial is 
not always numbered fo ; and this being 
properly a Problem in jijironomy, we chufc 
rather to place it here. 

By the Converfe of this Problem, having 
the Right Afcenfion and Declination of any 

^ The infenfible Change in the Longitude^ Right AiceofiOQ. 
•nd Declination of the Fixed Stars, made bv their Hqw Mo- 
tion, parallel to theEcliptick (being but i Bogree io 71 Yesu-s) 
is'&oc worth notice in this Place* . . . 

Point 
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Point given, that Point it fclf may be cafily 
found upon the Globe^ 

Prob. XXXIX. To find the Longitude and 
J^atitude of a given Star. 

Having brought the Solftitial Colure to 
the Meridian, fix the Quadrant of Altitude 
over the proper Pole of the Ecliptick, whe- 
ther it be North or South i then turn the 
Quadrant over the given Star 5 and the Arch 
contained betwixt the Star and the Ecliptick, 
will be the Latitude, and the Degree cut on 
the Ecliptick will be the Star's Longitude. 

Thus, the Latitude of ArBurus will be 
found to be 3 1 Degrees North, and the Lon* 
gitude 200 Degrees from V, or 20 Degrees 
from — : The Latitude of Fomalhaut in 
the Southern Fifh, 2 1 Degrees South, and 
Longitude 299i Degrees, or «« 29t Degrees. 
By the Convcrfe of this Method, having the 
Latitude and Longitude of a Star given, it 
will becafy to find the Star upon the Globe. 

The Diftance betwixt two Stars, or the 
Number ofDegrees contained between them, 
may be found, by laying the Quadrant of 
Altitude over each of them, and counting 
the Number of Degrees intercepted ; after 
the fame manner, as we found the Diftance 
betwixt two Places on the Terrefirial Globe, 
in Trob. VIL 



I 
t 
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P R o B. XL. TJlfe Latitude of the 'Plaoe, 
the 'Day of the Month, and the Hour 
being given i to find what Stars art 
thenrijingorfettingy what Stars ere Cul' 
minattng or on the Metidian, and the AU 
titude and Azimuth of any Star above 
the Horizon : and aifo how to diftin- 
guijb the Stars in the Heavens one from 
the other y and to i^now them by their 
proper Names. 

Having rcftificd the Globe for the L^ 
titude, tile Zenitii, and the Sun's Place i mm 
tlie Globe about until the Index points to 
the given Hour : tiic Globe being kept in 
tills Pofition. 

All thofe Stars that arc in the {^J!." } 

Side of the Horizon, arc thcn-f ^^^^^^^^ } 

All thofe Stars that arc under the Meridian 
9rc then Culminating. And if the Qua- 
drant of Altitude be laid over the Center of 
any particular Star, Jt will fliew that Star's 
Altitude at that Time, and where it cuts the 
Horizon, will be the Star's Azimuth from the 
i^orth or South part of the Meridian. 

Thp Globe being kept in the fame Eleva* 
tion, and from turning round its Axisi 
move the wooden Frame about until the 
North and South Points of the Horizon lie 

cxadly 
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exaftly in the Meridian j then right Lines 
imagined to pafs from the Centre thro' each 
Star upon the Surface of the Globe, will 
point out the real Stars in the Heavens, which 
thofe on the Globe are made to tcprefcnt. 
And if you are by the fide of fome Wall, 
whofe Bearing you know, lay the Quadrant 
of Altitude to that Bearing in the Hori-^ 
zon, and it will cwt all thofe Stars, which at 
that very Time are to be feen in the fame 
Diredion, or clofe by the fide of the laid 
Wall. Thus knowing fome of the remark- 
able Stars in any part of the Heavens, the 
Neighbouring Stars may be diftinguifhcd, by 
obferving their Situations with refpcft to 
thofe that are already known, and compa- 
ring them with the Stars daawn upon the 
Globe. 

Thus, if you turn your Face towardsthc 
North, you will find the North Pole of the 
Olobc points to the Tole-Star i then you 
may obferve two Stars fomcwhat lefs bright 
than the Pole-Srar, almoft in a right line 
with it, and four more which form a fort of 
a ^adrangle ; thefe Seven Stars make the 
CorSHellation called the Little Bear, the 
Polc-Star being in the Tip of the Tail. In 
this Neighbourhood you'll obferve feven 
bright Stars which are commonly called 
Charles's Wane ■■, thcfc are the bright Stars 
in the Great Bear^ and do form much fuch 
another Figure with thofe before mentioned 
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in the Little Bear : the two foremoft of the 
Square lie almoft in a right Line with the 
Polc-Star^ and are called the Pointers 3 fo 
that knowing the Pointers, you may eafUy 
find the Pole-Star. Thus the reft of the 
Stars in this Conftellation, and all the Stars 
in the neighbouring Conftellations^ may be 
cafily found, by obfcrvinghow the unknown 
Stars lie cither in ^adrangles, Triangles, 
or Streight Lines, with thofe that arc alrea* 
dy known upon the Globe, 

After the filitie manner the Globe being 
reftificd, you may diftinguifh thofe Stars 
that are to the Southward of you, and be 
ibon acquainted with all the Stars that are 
viftble in our Hcmifphcrc. 

SCHOLIUM. 

The Globe being rcdified to the Latitude 
of any Place, if you turn it round its Axis 1 
all thofe Stars that do not go below the Ho- 
rizon during a whole Revolution of the 
Globe, never fet in that Place 5 and thofe 
that do not come above the Horizon, never 
rife. 

P R o B. XLI. The Latitude of the Tlace 

ieifig given > to find the An^Ktude^ 

Oblique Afcenfion and "Defcenpmj A- 

fccnjional difference i Sem-T>iurnal 

Arch, and the Time efCmtintumce a- 

hve 



^ove the Horizon, of my given Voint in 
the Heavens. 

Having rcdifieid the Globe for the Lati- 
tude, and brought the given Toint to the 
Meridian, fet the Index to the Hour of 1 2 5 
then turn the ^obe until the giyen Point 
be brought to the Eaftern fide of the Hori- 
zon, and that Degree of the Equinodial 
which is cut by the Horizon at that Time, 
will be the Oblique Afcenfion 5 and where 
the given Point cuts the Horizon, is the 
Amplitude Ortive : If the Globe be turned 
about until the given Point be brought to 
the Weftern Side of the Horizon, it will 
there (hew the Amplitude Occafive 5 and 
where the Horizon cuts the Equinodial at 
that Time, is the Oblique ^efcenjion. 

The Time between the Index at either of 
thefe two Pofitions, and the Hour of 6, or 
the Difference between the Oblique Afcen- 
fion and Dcfccnfion> is the Afcenjional 
difference. 

If the Place be in North Latitude, and the 

Declination of the given Point be 5^^")^? 

"" (South 3 

the Afcenfional Difference reduced into 
Time, and {'^^^ ,^} 6 o'Clodc. 

gives the Semi-diurnal Arch 5 the Comple- 

lucnt whereof to a Semicircle, is the Se- 

mi'Nolfurnal Arch. If the Place be in 

' South 
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South Laitude, then the contrary is to be 
obfcrved with rcfped to the Declination. 

The Semi- { ^Xmal}^^^ ^^^^S ^^ 
bled, gives the Time of Continuance 

cbclow 3 ^^^ Horizon, Or the Time of 

Continuance above the Horizon, may be 
found by counting the Number of Hours 
contained in the upper Part of the Horary 
Circle, betwixt the Places where the Index 
pointed when the given Point was in the 
Eaftern and Wcftern Parts of the Horizon. 
If the given Point was the Sun's Place, the 
Index pointed the Time of his B^Hng and 
Setting, when the faid Place was in the 
Eaftern and Wefte];n Parts of the Horizon, as 
in Trab. i8. Or the Time of Sun-riling 
may be found by adding or fubtrading his 
Afcenlional Difference, to or from the Hour 
of Six, according as the Latitude and Dor 
clination are either contrary or the fame 
wav. 

Thus, at London on the 20th of ji^il 
the ISun's 

Amptitiide\ is 24 Degrees Northerly. 

Oblique Afcenfionj 20. 

Oblique T^efcenfion^ 58. 

jifcenfiondT^ifferencey 19- 

Semidiurnal Arch ^ lOp. 

His Continuance above the Horizon i\\ 
Hours. 

Sun 



Bea:.3' ^^^ Globes.' 

Sun rifes at three Quarters paft Four. 

Sun fets at a Quarter paft Seven. 

Thefe things for the Sun vary every Day ; 
but for a fixed Star, the Day of the Month 
need not be given, for they are the fame all 
the Year round. 

In the Latitude of 5It North, Syrtus's 

jlmplitude,'\szho\xx. 28 Degrees Southerly. 

Oblique Afcenfion, 121. 

Oblique 'Defcenjion, 75. 

Afcenjional ^Differences 2 z . 

Semi-diurnal Archy 67. 

Continuance above the Horizon 9 HoursJ 



t4« 



Prob. XUI. The Latitude and the 'Day ^\ 
the Month being given ; to find the Hott^ T 
when any known Star will be on the Mf- i 
ridian, and alfo the Time of its Rijir^ I 
and Setting. 

Having rcftified the Globe for the Lati- 1 
tude and the Sun's Place ; bring the given 
Star to the Meridian, and alfo to the Eaft or 
Weft Side of the Horizon, and the Index 
will (hew accordingly, when the Star Culmi- 
nates, or the Time of its Rifing or Setting. 

Thus at London on the i oth of January , 
Syrius will be upon the Meridian at a Quar- 
ter paft Ten in the Evening; riles at j|. 
Hours, and fcts at three Quarters paft two 
in the Morning. 



By 



By^ the Convcrfc of this ProWem, know- 
ing the Time when any Star is upon rfic Mc-j 
ridian, you may cafily find the Sun's Tlace^ 
Thus,, bring the givcrt Star to phe Meridian, 
and fet the Index to the given Hour ) then 
turn the Globe till the Index points to i:& 
at Noon^ and the Meridian will cut the Sun*s 
^lace in the Ecliptick. Thm when Syrius 
comes to the Meridian at lO^ Hours after 
Koon^ the Sun's Place will be m r^ Ds^'fees. 



Frob. XUII. To find at what Time ef the 
Tear a given Star will 6e upon the Meri- 
diaUy at a given Hour of the Night. 

■■ / 

Bring the Star to the Meridian, and CtX the 
Index to the given Hour, then turn the Qobe 
till the Index points to 12 q^ Noon; and 
the Meridian will cut the Ecliptick' in , the 
Sun s Place 5 whence the Day of the Month 
may be eafUy found in^ die Kalenddr upon 
theHorkon. 

Prob. XLIV. The^ay of the Month, and 
the Asunntth of any known Stair bemg^- 
ven 5 tofindthe Hour of the Night, ' 

Having re^lified the Globe for the Latitude 
and the Sun's Place ; if the given Sttr be 
due North or South, bring it to Ae Me*i* 
dian, and the Index will fliew the Hour of tfcc 
Night. If the Star be in any other DireAion> 

fix 
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fix the Quadrant of Altitude in the Zenith, 
and fet it to the Star's Aiimuth in the Hori-, 
zon y then turn the Qobe about uncil the 
Quadrant cuts the Center of the Star, and 
the Index will (hew the Hour of the Night. 
, The Bearing of any Point in the Heavens 
may be found by the following Mfthods* 

Having a Meridian Line dr^wn.iQ two 
Win4ows^ that are oppofit? to one aootheis 
you may crofs it at right Angles with aoo-. 
ther Line, reprefeming the Eafi and Weft^ 
from the Point of Interfeftioa defcribe t 
Cirde, and divide each Quadrant; into 90 
Degrees s then get a fmQoth Boaxd^ of about: 
2 Feet long, and ^ Foot broad, (more, or 
le£s as y)9u judge convenient) and o^ tht: 
back part of it fix another finall Board 
crofs wife, fo that it may ferve as a Foot toi 
fupport idle biggeft Board upright, when it 
is fet upon a Level, or an Horizontal FlaiUi; ' 
The Board being thus prepared, fet the lower 
Edge of the fmootb, or fore Side, of it, 
clofe to the Center of the Circle, then turn it 
about to the Meridiah, or to any Aiimuth 
Point required, (keeping the Edge of it al- 
ways clofe to the Caiter) and cafting your 
Eye along the flat Side of it, you'll eafily 
perceive what Stars are upon the Meridian, 
or any other Bearijug that the Board is fet 
to. 



* ■ » ' 
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F R o B. XLV. Two known Stars having the 
fame Azimuth^ or the fame Height, being 
given ; to find the Hour of the Night. 

Reftify the Globe fot the Latitude, tha 
Zenith, and the Sun*s Place. 

1. When the two Stars ate in the fame 
Azimuth. Turn the Globe, and alfo the 
Quadrant about, until both the Stars coincide 
with the Edge thereof; then will the Index 
ftiew the Hour of the Night : and where 
the Quadrant cuts the Horizon, is the com- 
mon Azimuth of both Stars. 

2. If the two Stars arc of the fame Al- 
titude, move the Globe fo, that the fame 
Degree on the Quadrant will cut both Stars ; 
then the Index will (hew the Hour. 

This Problem is ufcful when the Quantity 
bfthe Azimuth of the two Stars, inthefirft 
Cafe, or ofthcir Altitude in the latter Cafe, 
is not known. 

If two Stars weregiven^ one on the Mc 
ridian, and the other in the Eaji or Weft 
Tart of the Horizon i to find the Lati- 

' tude. 

Bring that Star, which was obfcrved on 
the Meridian, to the Meridian of the Globe, 
and keep the Globe from turning round its 
Axis 3 then Aide the Meridian up or down 



» 
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in the !t^otches, till the other Star is brought 
to the Eaft or Weft Part of the Horizon, 
and that Elevation of the Pole will be the 
Latitude fought. 

PROB. XLVI. The Latitude, 'Day of the 
Month, and the Altitude of any knovun 
Star being given ; to find the Hour of 
the Night. 

Reftify the Globe for the Latitude, Zenith, 
and Sun's Place : Turn the Globe, and the 
Quadrant of Altitude, backward or forward, 
till the Center of that Star meets the Qua- 
drant in the Degree of Altitude given i 
then the Index will point the true Hour of 
the Night -, and alfo where the Qtiadrant 
cuts the Horizon, will be the Azimuth of 
the Star at that Time. 

If the Latitude, SuTfs Altitude., and his 
declination [infiead of his Tlace in the 
Ecliptick) are given -J to find the Hour 
of the T>ayj and Azimuth. 

Rcftify the Globe for the Latitude and 
Zenith i and having brought the Equino£iiat 
Colure to the Meridian, fct thebidcxto 12 
at Noon: which being done, turn the Globe 
and the Quadrant, until the given Declina- 
tion in the Equinodiai Colure cuts the J 
Altitude on the Quadrant; then the Index 
L wiU 
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will fliew the Hour of the Day, ancj the 
Quadrant cut the Azimuth in t^c Horizon. 

If the Altitude of two Stars on th/e f^me 
jizimuth, were givem to find the Jijfrj 
titudeoftheTlofje. > 

Set the Quadrant over both Stars ajt tjic' 
obfervcd Degree of Altitude, aiid kc?p it 
fafl: upon the Globe with your Fingers; 
then Aide the Meridian up or down in 
the Notches, till tlic Quadrant cuts the 
given Azimuth in the Horizon ■■, that E1&- 
vationof tlic Pole will be the Latitude re- 
quired. 

P R o B. XIvVII. Having the Latitude of 
the Tlacey to find the T^egree of the. 
Ecliptickf which rifes or Jets with a 
given Star\ and from thence to deter~ 
mine the Time of its Cofmical. and Achro- 
nical Rifing and Setting. 

Having redified the Globe for the Lati- 
tude, bring the given Star to the Eaftern 
Side of the Horizon, and mark what De- 
gree of the Ecliptick rifes. with it: Lop]^ 
for that Degree in the Wooden Horlzoij, 
and right againft it, in the Kalendar, you'li 
find the Month and Day when the Star ri/^x. 
Cofniically. If you bring the Star to the 
Wcftcrn Side of the Horizon, that Degree 
of 



I 

I 
I 



Se£l. 3. /i^g 6 L 6 B E s* I4f 

df the Ec]i|Jtick which rifes at that Time, 
will give the Day of the Month when the 
faid SfSiifetsCofmicalfy. Solikewifeagainft 
the Dtgrtfe which fets With the Star, you'll 
find the Day of the Month of the Achronical 
Setting ; aiid if ybu bring it to the Eaftcrn 
^att of the Horizon, that Degree which 
lets dt that Time will be the Sun's Place 
When the Star ri/^s Achtonically. 

THds, in the Latitude of London, Sjrius^ 
Crc the 'bog- Sat, rifes Cojkically the loth 
of July ; aHd fets Cofmically tht 30/^6 of 
Omber. Aldebaran, or the Bults-Eye, 
rifts Achrmkally on the ixtb of May^ 
atid ftts Achrmically on the uh of 'De- 
cmbef. 

pRoB. XtVill. Baruln^ tf^e Latitude 
of the "Place, to find the time when a 
Star rifes mid fets Heliacally. 

Having reiftified the Globe for the Lati- 
tude, bring the Stat to the Eaffern Side of 
the Horizon, and turn the Quadrant round 
" t6the Weftcm' Side, tilHtl cuts the Eclipticlc 
in twelve Degrees of Altitude above the 
Horizon, if the Star be of the firft Magni- 
tude i then that Point of the Ecliptick which 
is cut by the Quadrant, is 12 Degrees high, 
above the Weftern Part of the Horizon, ' 
when the Star rifes j but at the fame time 
the oppofitd Point in the Ecliptick is la ■ 
i. a Dc- 
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Degrees below the Eaftcm Part of the Hori- 
zon, which is the Deprcflion of a Star of 
the firji Magnitude^ when (he rifis HeUor 
colly 9 or has got fo far from the Sun's Beams». 
that (he may be feen in the Morning before 
Sun-rifing. Wherefore look for the faid 
Point of the Ecliptick on the Horizon, and 
rj(ght againft it will be the Day of the Month 
when the Star rifes Heliacally. To find the 
Heliacal Setting : Bring the Star to the 
Weft Side of the Horizon, and turn the 
Quadrant about to the Eafiern Side, till the 
12th Degree of it above the Horizon, cuts 
the Ecliptick 5 then that Degree of the E- 
cliptick, which is pppoftte to this Point, is 
tfre Sun's Place when riie Star fets Helia- 
cally. 

Thus, you'll find that ArSurus rifes He- 
liacally the 17th of Seftember. \ and fets 
Hciracally,\Ar(^V^«i^^r the zij? 

P ROB. XLIX. To find the "Place of any ^ 
Tlanet upon the GlolfC-y ofuljfb by that 
means ^to find its V lace in the Heavens : 
Alfo to find at what Hoiir any Tlanet 
will rife or fet, or be on the Meridiany 
at any ^ay in the Tear. . 

You muft firft feck in an Ephemeridcs, 
{Tar kefs Ephcmeris will do well enough) 
for ihe Place of the Planet prppofed on that 
Day 5 then mark that Point of the Ecliptick, 

cither 
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either with Chalk, or by flicking on a little 
black Patch j and then for that Night you 
may perform any Problem, as before, by a 
Fixed Star. 

Let it be required to find the Situation, 
of Jupiter among the Pixed Stars in the, 
Heavens, and alfo whenabouts it riles anH 
fets, and comes to the Meridian, on the 
zoth oi November, 1730, zt London. 

Looking for the 10th o^ November 1730, 
in ^Parker's Ephemeris, I find that Jupiter's 
Place at that Time is in about 9 Degrees of. 
IRj Latitude i Degree North. Then look- 
ing for that Point upon the Celeflial Globe," 
I find that V is then among the fmall Stars 
that lie under the Belly of the Conftellation 
Leo. 

To find when he tifes and /ets, and comes 
to the Meridian : Having put a little black 
Patch on the Place oi Jupiter, elevate the. 
Globe according to the Latitude ; and having 
brought the Sun's Place to the Meridian, 
fet the Hour-Index to 1 2 at Noon : then 
turning the Mark which was made for Jn- 
fiter^ to the Eaftern Part of the Horizon, 

I find V will rife at about a quarter pall 

I I o'clock at Night i and turning rhe 
Globe about, I find it comes to the Meridian 
a little after Six in the Morning -, and fcts 
about I o'clock in the Afternoon. 

This Example being undcrftood, it will 

be cafy to find when either of the other 

L 3 two 
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two fupcrior Planets, vi&. M^rs aad ^A\ 
turnj Kife, Set, and come to the Mcridian- 

I fhall conclude this Subjed about tbp 
Globes with the following Problem. 

Prob. L. T0 find all that Space upon the 
Earth, where an Eclipfe of one of t^( 
Satellits e/" Jupiter '■ju'mbe vifible. 
Having found thatPl^cp upon thcEartb, 
in which the Sun is Vertical, at the Time 
pf the Eclipfe, by I'rob, ij. Elevate tjip 
Globe according to the Latitude of the (aid 
FJacc ; then bring the Place to the Meridiap, 
3nd fet the Hout-Indcx to 1 2 at Noon. If 
Jupiter be in Confcquence of the Sun, draw 
a Line with Black-Lcad, or the like, along th? 
Eaftcrn Side of the Horizon, which Line 
will pafs over all thole Places where the Sun 
is fetting at that Time : then count the 
Difference betvyixt th? Right Afcenfion of 
the Sun, and that of Jupiter j and turn the 
Globe Weftward, until the Hour-Index points 
to this Difference j then keep the Globe from 
turning round its Axis, and elevate the Me- 
lidian, according to the Declination of Jt^ 
piter. The Globe being in this Pofition, 
draw a Line along the Eaflern Side of the 
Horizon -, then the Space between tliis Line, 
and the Line before drawn, will compre- 
hend all thofe Places of the Earth where 
Jupiter will be viiiblc, from the fetting of 
the Sun; to the fetting oi Jupiter. 

But 
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But if Jupiter be in Antecedence of the 
Sun, {i.e. nfesbeforc him) having brought 
the Place where the Sun is Vertical, to the 
Zenith, and put the Hour-Index to 12 at 
Noon, draw a Line ontheWeftern Side of 
the Horizon i then elevate the Globe ac- 
cording to tht Declination of Jupiter^ arid 
turn it about Eaftwards, until the Index ] 
points to fo many Hours diftanc from Noon, 
as is the Difference of Right Afcenfion of 
the Sun and Jupiter. The Globe being 
this Polition, drawaLinealongthcWcitcrn 
Side of the Horizon j then the Space con- 
tained between this Line, and the other laft ] 
drawn, will comprehend all thofe Placi 
upon the Earth, whcrC the Eclipfe is vifibl 
between the riling of the Sun and Jupiter. 
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The DESCRIPTION of the 

Great Orrery, lately made ty 

ATr. T H o. W R I G H T, Mathema- 

- tical Inftnnnent-MakeT to Ha 

Majest't- 

IHEOrrert^ ijan AAro-> 
* notnicai Machipe, made tore- 
prefcnt the Motions of the 
Planets, as they really are in 
' Nature ; Thefe Machines arc 
made of various Sizes, fomc having more 
Flanets than others i but 1 Ihall here con- 
fine my felf to the Dcfcription of that a- 
bovc-mcntioncd. 

In the Imioduaion we gave a (hort Ac- 
count of the Order, 'Periods, 'Dijiances, 
>nd Munitudis of the "Primary 'Planets i 
and of the ^iHanees wA periodical Reve^ 
Utims of the Secondary 'Planets round their 
rcfpcftivc Primaries. We (hall here explain 
thclt Stations, Retrogradations, Ectiffes, 
iai 'Pliafrs, &e. but firftletus take a ge- 
neral vicvir of the Orrery. 

The 
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The Frame which contains the Wheel- jf*f^ 
Work, &c. that regulates the whole Ma-^f',i"^ 
chine^ is made of fine Ebony, and is neafny. 
four Feet in Diameter ; the outfide thereof 
is adorned with twelve Pilafters, curioudy 
wrought and gilt : Between thefe Pilafters, 
the twelve Signs of thcZodiack are neatly 
painted, with gilded Frames. Above the 
Frame is a broad Ring, fupported with 
twelve Pillars : This Ring rcptefents' the r,dt bw 
y/i2»f ofthe Ecliptick, upon which there "^f'''- 
is two Scales of Degrees, ajid between thofc 
the Names and Charaftcrs of the twelve 
Signs. Near the Outfidc is a Scale of Months 
and Days, ej;a£Hy correfponding to the 
Sun's Place at Noon, each Day throughout 
the Year. 

Above the Ecliptick ftand feme of the 
principal Circles of the Sphere, according 
to their rcfpeftivc Situations in the Heavens, 
viz. N° 10, are the two ColureSy divided 
into Degrees, and Half-Degrees : N" 1 1 , is 
one Half of the Equinodial Circle, making 
an Angle with the Ecliptick of 2 j^ Degrees : 
ThcTrojfick of Cawf^r.and i\icAr£fick Circley 
are each fixed parallel, and at their proper 
Diftance from the EquinoiSial. On the 
Notrhern Half of the Ecliptick, is a brafs 
Semicircle, moveable upon two Points fixed 
in r and :^ : This Semicircle fcrves as a 
moveable Horizon, to be put to any De- 
gree of Latitude upon the North Part of 
the 
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the Mcridun. The whole Machine is alio fo 
contrived, as to be fct to any Laiirade* wifh- 
ouc in the Icaft affeding any of the in{!de 
Motions ; For this purpofc there arc two 
ftrong Hinges (N' 13.) fixed to the bottom 
Frame, upon which the Inftmment moves, 
and a (liong Brafs Arch, having Holes at 
every Degree, thto' which a ftrong Pin is to 
be put, according to the Elevation. This 
Arch, and the twoHinges, fupport the whole 
Machine, when it is lifted up according to 
any Latitude ; and the Arch at other timcis 
lies conveniently under the bottom Frame. 

When the Machine is fet to any Latitude 
(which is cafily done, by two Men, each 
taking hold of two Handles, conveniently 
fixed for that purpofe) fet the moveable 
Horizon to the fame Degree upon the Me- 
ridian, and you may form an Idea of the 
rc(pe£tive Altitude, or Dcprcflions of the 
Planets, above or below the Horizon, ac- 
cording to their rcfpcftivc Pofitions, with 
regard to the Meridian. 

Within the Ediptick, and nearly in the 
fame Place thereof, ftand the Sun, and all 
the Planets both Primary and Secondary. 
The Sun (N° i .) ftands in the middle of the 
wliolc Syltcm, upon a Wire, making an 
Angle with the Plane of the EcHptick, of 
about 8 a Degrees, which is the Inclination 
of the Sun's Axis, to the Axis of the Eclip- 
lick. Next the Sua is a fmaU Ball, (N" 2.) 
rcpre- 
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repiefentlng Mercury : Next to Mercury 
is f^eftus iN" J.) reprefentcd by a larger 
Ball, (and both thefe ftand upon Wires, Co 
that the Balls themfclvcs may be more vifi- 
bly perceived by the Eye.) The Earth is re- 
prefentcd (N° 4.) by an Ivory Ball, having 
ibme of the principal Meridians and Paral- 
lels, and a little Sketch of a Map defcribed 
upon it. The Wire which fupports the 
Earth, makes an Angle with the Plane of the 
■EcUptick of 664. Degrees, which is the In- 
clination of the Earth's Axis to that of tliQ 
EcUptJck. Near the Bottom of the EarthV 
Axis is a Dial-Plate, (N° 9.) having an Index 
pointing to the Hours of the Day, as the 
£arth turns round its Axis. 

Round the Earth is a Ring fupported by 
two fmall Pillars i which Ring reprefents 
the Orbit of the Moon, and the Divifioas 
upon it anfwer to the Moon's Latitude ; the 
Motion of this Ring teprefents the Motion 
of the Moon'& Orbit according to that of 
the Nodes. Within this Ring is the Mooa 
(N" J.) having a black Cap or Cale, whicU 
by its Motion reprefents the Tbafes erf the 
Moon according to her Age. Witliout tht 
Orbits of the Earth and Moon is Mars 
(N" 6.) The next in order to MarSy is 7*- 
piter and his four Moons, (N" 7)i each of 
thcfe Moons is fijppofted by a crooked 
Wire, fixed in a Socket which turns about 
dicPillat that fuppojfs 7«/>i;fr : ilicfe Sa- 
tcllits 
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telUts may be turned by the Hand to any 
Pofition; and yet when the Machine is put 
in motion, they'll all move in their proper 
Times. The outermoft of all ii Saturn 
and his five Moons, (N" 8.) thcfe Moons 
are fupported and contrived after the f:imc 
manner with thofc of Jupiter. The whole 
Machine is put into Motion by turning a 
fmall Winch, (like the Key of a Clock, 
N" 14); and all the infide Work is io ' 
truly wrought, that notwithftauding the 
vail Number of Wheels that are to be turn- 
ed, it docs not require above the Strength 
of a fine Hair to put the whole in motion. 

Above the Handle, rhere is a Cylindrical 
Pin, which may be drawn a little out, or 
pulhed in at plcafure : When it is pufhed in, 
all the Planets both Primary and Secondary 
will move according to their refpe£live Pe- 
riods, by turning the Handle : when, it is 
drawn out, the Motions of the Satellits 
o^yupiterTiwA Saturn \ii\\ be flopped, while 
all the reft move without interruption. 
This is a very good Contrivance to prefcrvc 
the Inftrumcnt from being clogged by the 
fwift Motions of the Wheels belonging to 
the Satellits of y»^;'/fr and Saturn, when 
the Motions of the reft of the Planets arc 
only confidered. 

There is alio a brafs Lamp, having two 

convex Glaflcs, to be put in the room of 

the Sun ; and alfo a fmaller Earth and Moon, 

made 
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made fomcwhat in Proportion to their Di- 
ftance from each other, which may be put 
on at pleafure. 

The Lamp turns round in the fame time 
with the Earth, and by means of the GlalTes ^^ 
cafts a ftrong Light upon her : and when th^ ^^| 
{mailer Earth and Moon are placed on, i%_ ^^^ 
will be eafy to (hew when either of them ^^ 
may be eclipfed. 

Having tiius given a brief Defcription of | 

tlie outward Part of this Machine, I (hall ^^1 
next give an Account of the Phenomenaf ^^| 
explained by it when it is put into Motion.- ^^^ 

L Ojtbe Motions of the 'Flanets ingenerah. 

Having put on the Handle, pufh in the 
Pin which is juft above it, and place a fmaU 
black Parch (or bit of Wafer) upon the mid- 
dle of the Sun (for Inftance) right againft 
the firft Degree of T ^ you may alfo place i 

Patches upon Fenus^ Mars and Jupiter, 
right againft fomc noted Point in the Eclip-. I 

tick. If you lay a Thread from the Sun to j 

the firft Degree of V, you may fet a Mark I 

where it intcrfcfts the Orbit of each Planet ; I 

and that will be a help to note the Time of I 

their Revolutions. 

One entire Turn of the Handle anfwers ,, 

to the Diurnal Motion of the Earth round j 

her Axis ; as may be fecn by the Motion of I 

the Hour-Index which is placed atthcFootof i 

the 
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the Wire on which the Terella is fixec/i 
When the Index has moved the fpacc often 
Hours, you may obferve that Jupiter has 
made one Revolution compkat round its 
Axis J the Handle being turned until the 
Houf- Index has pafled over 2j Hours, wilf 
bring the Patch upon l^entis to its former 
Situation with refpedl to the Eclipticfc, 
which fhews that 9 has made one entire Re- 
volution round her Axis. Man makes One 
complcat Revolution round his Axis in 24 
Hours and about 40 Minutes. When the 
Handle is turned 254 times round, the Spot 
upon the Sun will point to the fame Degree 
of the Ecliptic!:, as it did when the Inftru- 
mcnt was firft put into Motion. By obfcrving 
the Motions of the Spots upon the Surface 
of the Sun, and of the Planets in the: 
Heavens, their Diurnal Motion was diC- 
covered j after the fame manner as we do' 
here obferve the Motions of their Repfe- 
fentatives, by that of the Marks placed up- 
on them. 

If while you turn the Handle you obferve 
the Planets, you will fee them perform theit 
Motions in the fame relative Times as they 
really do m the Heavens j each making its 
Period in the Times mentioned in the Ta- 
bles, Page 24. 27^ Turns of the Handle will 
bring the Moon round the Earth, which is 
called a 'Periodic Month, and all the while 
Ihc keeps the fame Face towaids the Earth : 
for 



I 



the Orrery. 159 

for the Moon's Annual and Diurnal Motion, 
aye performed both in the fanw Time neat- 
ly, fo that we always fee the fame Face oc 
Side of the Moon. 

If before the Inftrument is put into Mo-, g^^ 
tiqn, the Satellits of Jupiter and Satunn.^^^^ 
be brought into the fame right Line from ^^| 
their rcfpeftive Primaries, youU fee tlicm ^^H 
as yoq turn the Handle immediately difpers'd I 

from one another, according to their dif- i 

fcrent Celerities. Thus, one Turn of the ^^M 
Piandle will bring the furft of JupiterY^^^k 
Moons about ^ pate round Jupiter j whil&'^^H 
the fccoiid has defcribed but ^ part ; th«. ' ^ 
third but about y ; and the, fourth not quite; fl 
tV part ; each of its refpeftive Orbit. If 
you turn th? Handle until the Hour-Index 
has moved isi Hours more; the firft Satel- 
lit will be then brought into its former Po- ^^m 
Iltion, and fo has made one entire RevoIu<^'^^H 
tioAi the fccond at the fame time will b9.!^^H 
almpft diametrically oppofite to the firft j J 

and, fo lias made a little more thaa half of 
one Revolution : the others will be in dif- 
fcKot Afpcijs, according to the Length of 
thciE Periods, as will be plainly exhibited ( 

by the Iijftrument. The famcOblervations j 

may be made with refpe£t to the Satellits of 
Saturn. . 

The Machine is fo contrived, that the-^^M 

Handle may be turned either way ; and if ^^H 

bi^fore you put it into motion, you obfcrve ^^^H 

I the I 
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the Afped (or Situacion with rcfpefttoeach 
other) of tne Plaiitits, and then turn the 
Handle round any Number of Times j the 
fame number of Revolutions being made 
backwards, will bring all the Planets to their 
former Situations. I fhall next proceed to 
Particulars. 

Of the Stations and Retrogradathns of 
the Tlanets. 

The Primary f lanets, as they all turn, 
round the Sun, at different Diftanccs and in 
ditFerent Times, appear to us from the 
Earth to have different Motions j as fomc- 
timcs they appear to move from Weft to 
Eaft according to the Order of the Signs, 
which is called their direfi Motion j then 
by degrees they flacken their pace, until at 
laft they lofe all their Motion and become 
stuioMry. Stationary, or not to move at all ; that is, 
they appear in the fame place withrefpeft 
to the fixed Stars for fome time together; 
After which they again begin to move, but 
with a contrary Direftion, as from Eaft to 
Rf/r«5M,/(Weft ; which is called their retrograde Mo- 
S/«mj."on : ehen again they become Stationary, 
and afterwards reaifume their dircft Motion. 
The Reafon of all thefe Appearances is very 
evidently (hewn by the Orrery. 

I Of 
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Of the Stations, 8cc. of the inferior 
Tlanets. 

VJt fhall inftance in the Planet Mercury^ 
becaufe his Motion round the Sun differs 
more from the Earth's than that o^ Venus 
does. ^ 

When Mercury is in his fuperior Con- 
junftion (or when he is in a direft Line from 
the Earth beyond the Sun) faften a String 
about the Axis of the Earth, and extend it 
over Mercury to the Ecliptick 5 then turning 
the Handle, keep the Thread all the while 
extended over if, and you'll find it move 
with a dire£t Motion in the Ecliptick, but 
continually flower, until Mercury has the 
greateft Elongation from the Earth. Neat 
this Pofition, the Thread for. Come time 
will lay over Mercury without being moved J 
in the Ecliptick, tho" the Earth and Mercury 
both continue their progreflive Motion in 
their rcfpedive Orbits. When Mercury has 
j;oE a little part this Place, you'll find the 
Thread muft be moved backward in the E- 
cliptick, beginning firft with a flow Motion, 
and then fafter by degrees, until Mercury is 
in his inferior Conjunftion, or directly be- 
twixt the Earth and the Sun. Near this Pofi- 
tion of S, his retrograde Motion will be the 
fwifteft i but he ftill mo', t'S the fame way, 
tho* continually flower, till he has again 
M come 
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come to his greateft Elongation, where he 
Avill appear the fecond time to he Stationary j 
after which, he begins to move forward, 
and that fafter by degrees, until he is come 
to the fame Bofition with refpcft to the- 
"Earth, that he was in at firft. The fame 
Obfervations may be made relating to the- 
Motions of Venus. In ^like manner thp 
diflfcrent Motions obferved in the fqperior 
Planets, may be alfo explained by the Orrery. 
If you extend the Thread over Jupiter^ and 
jproceed after the fame manner as before wc 
did in regard to Mercury 5 you 11 find that 
from the time Jupiter is in Con>undion 
with the Sun, his Motion is direft, but conti- 
nually flower until the Earth is nearly in a 
Qviadrate Afped with Jupiter', near whicji 
l^ofition Jupiter feems to be Stationary : af- 
ter which he begins to move, andTo conti- 
nually mends his Pace until he comes in op- 
^fition to the Sun, at which time his retro- 
grade Motion is fwifteft. He ftill feems tagp 
backward, but with a flower Pace, till the 
Earth and he are again in a Quadrate Afpeft, 
where Jupiter feems to have loft all his 
motion 5 after which he again refumes his di- 
red Motion, and fo proceeds fafter by de- 
grees, till the Earth and he arc again in op- 
pofition to each other. 

Thefe different Motions obfervpd in the 
TUtii. Planets, are eafily illuftrated as folio weth: 
Tig. I. The leffer Circle round the Sun is the Ojcbit 

2 of 
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oi Mercury y in which he performs his Re- 
volution round the Sun in about three 
Months, or while the £arth is going through 
■^ part of her Orbit, or from A to N. The 
Numbers 1,2, 3, &c. intheOrbitofitffr-. 
cury, ihew tlie Spaceshe dcicribes in a Week 
nearly } and the Diftances AB, BC, CD, ^c. 
in the Earth's Orbit, do likcwife fhcw her 
Motion in the fame Time. The Letters 
A, B, C, &c. in the great Orb, are the 
Motions of Mercury in the Heavens, as they 
appear from the Earth. Now if the Earth 
bcfuppofedin A, and Mercury in t2, near 
his fuperior Conjunftion with the Sun j a 
Speftator on the Earth will fee $, as if 
he were in the Point of the Heavens A j and 
while 9 is moving from 12 to i, and from 
1 to 2, ^c. the Earth in the fame time alfo 
moves from A to B, and from B to C, c^c. 
All which time 5 appears in the Heavens to 
move in a direft Motion from A to B, and 
from B to C, &c. but gradually flower un- 
til he arrives near the Point G, near which 
place he appears Stationary, or to ftand Hill : 
and afterwards (tho' he ftiil continues to 
move uniformly ;n his own Orbit with a 
piogrcfiive Motion) yet in the Sphere of the 
fix'd Stars he'fl appear to be retrograde, or 
to go backwards, as from G to H, from H to 
I, &c, until he has arrived near the Point L, 
where again he'll appear to be Stationary, and 
M 3 after- 
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afterwards to move in a dircft Motion from 
L to M, and from M to N, ^c. 

What has been here fheWed concerning 
the Motions of Mercury^ is alfo to be uo- 
derftood of the Motions of Venus s but the 
Conjunftions of Venus with the Sun, do not 
happen fo often as in Mercury : for Venus 
moving in a larger Orbit, and much flower 
than Mercury, docs not fo often overtake 
the Earth, But the Retrogradations arc 
much greater in Venus than they arc in 
Mercury, for the fame Reafons. 
Fii. 2. The innermoft Circle reprcfents the 
Earth's Orbit, divided into 12 Parts, anfwcr- 
ing to her Monthly Motion : the greatcft 
Circle is the Orbit of Jupiter, which he 
defcribcs in about 1 2 Years j and therefore 
the tV thereof, from A to N, defines his Mo- 
tion in one of our Years nearly j and the 
intermediate Divifions, A, B, C, ^c. his 
Monthly Motion. Let us (uppofe the Earth 
to be in the Point of her Orbit i %, and 
Jupiter in A, in his Conjunftion with the 
Sun : It is evident that from the Earth, Ju- 
piter will be feen in the Great Orb, or in 
the Point of the Heavens A 5 and while the 
Earth is moving from 1 2 to 1,2, ^c. y aU 
fo moves from A to B, C, c^r. all which 
Time be appears in the Heavens to move with 
a dired Motion from A to B, C, ^c. until 
he comes in Oppofition to the Earth near the 
Point of the Heavens E, where he appears 

to 
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to be Stationary : After which, v again be - 

^ gins to move (tho* at firft with a flow pace) 

from E thro' F,H,I, to K i where again he ap- 

/pcarstoftand ftilli but afterwards he reafliimes 
his direft Motion from I thro* K, to M, ^c. 
. From the Conftruftion of the preceding 
. Figure, it appears that when the Superior 
?ianets are in Conjundion with the Sun, 
their direft Motion is much quicker than at 
Dther times 5 and that becaufe they really 
nove from Weft to Eaft, while the Earth 
, m the oppofite Part of the Heavens is car* 
tied the fame Way, and round the fame Cen- 
ter. This Motion afterwards continually 
slackens until the Planet comes almoft in 
ypppofition to the Sun, when the Line join- 
ing the Earth and Planet will continue for 
bme time nearly parallel to it felf, and fo 
he Planet feems from the Earth to ftand 
. till ; after which, it begins to move with a 
-low Motion backward, until it comes 
nto a Quartile Afped with the Sun, when 
igain it will appear to be Stationary for the 
ibove Rcafons. After that, it will refume 
,ts direft Motion until it comes into a Con- 
undion with the Sun, then it will proceed 
IS above explained. Hence, it alfo appears 
hat the Retrogradations of the fuperior 
^lanets, are much flower than their dircft 
Motions, and their continuance much fliort- 
!r i for the Planet, from its laft Quarter, 
antil it comes in oppofition to the Sun, ap- 

M 3 pears 
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pears to move the fame way with thcEarch^ 
by whom it is then overtaken : After which 
it begins to go backwards, but with a (low 
Morion, becaufe the Earth being in the fame 
pfirt of the Heavens, and moving the fame 
way, that the Planet really does, the appa- 
rent Motion of the Planet backwards muft 
thereby be Icffened. 

What has been here faid concerning the 
Motions of Jupiter^ is alfo to be under-? 
^oodioi Mars zxA Saturn. But the Rctr6- 
gradations of Saturn do oftner happen than 
thofc of Jupiter^ becaufe the Earth oftnec 
overtakes Saturn 5 and for the fame Rcafofi* 
the Regrcifions of Jupiter do oftner happen 
than thole oi Mars. But the Rctrdgrada* 
tions of Mars arc much greater than thofc 
of Jupiter ; whofc arc alfo much greater 
(han thofc of Saturn. 

In either of the SatcUits of Jupiter or 
Saturn, thefe diifcrent Appearances in the 
neighbouring Worlds, ar? much oftner feen 
than we do in the Primary Planeis. 

We never obferve thefe diflferent Motions 
in th« Moon, becaufe fhe turns round the 
Earth as her Center 5 neither do we obferve 
them in the Sun, becaufe he is the Center of 
the Earth's Motion, whence the apparent 
Motion of the Sun always appears the faine 
way round the Earth. 
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Of the Annual andrT>iurnal Motion of the 
Earth t and of the Increafe and T^ecreafe 
ef^Da^s and Nights. 

The Earth in her Annual Motion round 
the Sun, has her Axis always in the fame Di- 
redion, or parallel to it felf : that is, if a 
Line be drawn parallel to the Axis while 
the Earth is in any point of her Orbit, the 
Axis in all other Pofitions of the Earthy 
y»'i\\ be parallel to the faid Line. This Pa- 
rallel ifm of the Axis, and the limplc Motion 
of the Earth in the Ecliptick> folves all the 
Phenomena of different Seafons. Thefe 
things arc very weJlilluftrated by the Orrery. 

If you put on the Lamp in the place of the 
Sun, you will fee how one half of our Globe 
is always illuminated by the Sun, while the 
other Hemifphere remains in darknefs 5 how 
Day and Night are formed by the Revolu- 
tion of the Earth round her Axis : for as 
Ihe turns from Weft to Eaft, the Sun ap- 
pears to move from Eaft to Weft. And 
while the Earth turns in her Orbit, you may 
obferve that her Axis always points the fame 
way ; and the fcveral Seafons of the Year 
continually change. 

To make thefe things plainer, we will 
take a view of the Earth in different parts of 
her Orbit. 

' M 4 When 
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When the Earth is in the firft Point of 
htbra (which is found bf extending a Thread 
from the Sun, and over the Earth to the 
Ecliptick) we have the Vernal Equinox^ 
and the Sun at that Time appears in the 
firft/ Point of V. In this Pofition of the 
Earth, the two Poles of the World arc in 
the Line feparating Light and Darknefs ; and 
as the Earth turns round her Axis, juft one 
Half of the Equator, and all its Parallels, will 
be in the Light, and the other Half in the 
Dark 5 and therefore the Days and Nights 
muft be every where equal. 

As the Earth moves along in her Orbit, 
you'll perceive the North Pole advances by 
degrees into the illuminated Hemifpherc, 
and at the faitie Time, the South Pole re- 
cedes into Darknefs 5 and in all Places to 
the Northward of the Equator, the Days con- 
tinually lengthen, while the contrary hap- 
pens in the Southern Parts 5 until iat length 
the Earth is arrived in Capricorn. In this 
Pofition of the Earth, all the Space in- 
cluded within the Arftick Circle izWs 
wholly within the Light 5 and all the op- 
polite l^art lying within the Antardick 
Circle, is quite involved in Darknefs. la 
all Places between the Equator and the 
Ardick Circle, the Days are now at the 
longcft, and are gradually longer as the 
Places arc more remote from the Eq^uator : 
In the Southern Hemifphcre there is a con- 
trary 
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trary Effed:. All the while the Earth is tra- 
velling from Caprkorn towards Aries, the 
North Pole gradually recedes train the Light, 
and the South Pole approaches nearer to it ; 
the Days in the Northern Hemifphcre gra- 
dually decrcafe, and in the Southern Hemi- 
fphcre they increafe in the fame proportion, 
until the Earth being arrived in T, then the 
two Poles of the World lie cxaillly in the 
Line fcparating Light and Darkncfs, and 
the Days are equal to the Nights in all 
Places of the World. As the Earth advances 
towards Cancer, the North Pole gradually 
recedes from the Light, while the Southern 
one advances into it, at the fame rate ; in 
the Northern Hemifphcre the Days decrcafe, 
and in the Southern ones they gradually 
lengthen, until the Earth being arrived in 
Cancer-, the North Frigid Zone is all in- 
volved in Darkncfs, and the South Frigid 
Zone falls entirely within the Light ; the 
Days every where in the Northern Hemi- 
fphcre arc now at the fhorteft, and to the 
Southward they are at the longed. As the 
Earth moves from hence towards L/j^r^j, the 
North Pole gradually approaclics the Light, 
and the other recedes from it ; and in all 
Places ro the Northward of tlic Equator, 
the Days now lengthen, while in tlie op- 
pofire Hemifphcre they gradually Ihortcn, 
until the Earth has got into =s ; in which 
Pofition, the Days and Nights will again 
be 
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be of equal Length in all Farts of the 
>V^orld- 

Yoa might have obferved, that in all 
rofltions of the Earth, one half of the Equa- 
tor was in the Lights and the other half in 
Darknefs i whence under the Equator, the 
Days and Nights are always of the/fame 
Length : And all the while the Earth was 
going from ^ towards T, the North Pole was 
conftantly illumjinated> and the South Pole 
all the while in Darknefs 3 and for the other 
jtialf Year the contrary. . Sometimes there is 
a Semicircle exadly facing the Sun, fixed 
over the Middle of the Earth, which may be 
called the Horizon of the Disk : This will 
do inftcad of the Lamp, if that Half of 
the Earth which is next the Sun be con- 
fider d, as being the illuminated Hemifphere, 
and the other Half, to be that which lies in 
Darknefs. 
^^^^ The Great Circle T, b,n^ jj^^. rcprcfents 

^ ' ** the Earth's annual Orbit 5 and the four leffer 
Circles E S QC, the Ecliptick upon the Sur- 
face of the Earth, coinciding with the great 
Ecliptick in the Heavens. Thcfc four leflfer 
Figures reprefent the Earth in the four Car- 
dinal Points of the fcliptick 5 P being the 
North Pole of the Equator, and p the North 
Pole of the Ecliptick ; S P C the Soiftitial 
Colure, which is always parallel to the great 
Soiftitial Colure ^ T^ in the Heavens; 
E P Q^the Equinoftigl Colure. The otlier 

Circles 
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Circles pafUng thro' P, arc Meridians at two 
Hours diftance from one another 5 the Semi- 
circle E JE Q_ is the Northern Half of the 
Equator ; the parallel Circle touching the 
Ecliptick in S, is the Tropick of Cancer ; 
the dotted Circle the Parallel of London % 
and the fmall Circle, touching tiie Pole of 
the Ecliptick, is the Ar£iick Circle. The 
fhadedPart, which is always oppolite to the 
Sun, is the obfcure Hemifphere, or that 
which lies in Darknefsi and that which is 
next the Sun, is the illuminated Hemifphere. 

If we fuppofc the Earth in £; (he'll then 
fee the Sun tn "V, (which makes our vernal 
Equinox) and in this Pofition, the Circle, 
bounding Light and Darknefs, which here 
isSC, pafTcs thro' the Poles of the World, 
and bifeftsall the Parallels of the Equator j 
and therefore the Diurnal and Noitumal 
Ardics, or the Lengths of the Days and 
Nit-hts arc equal in all Places of the World. 

But while the Earth, in her annual Courfe, 
moves thro' %, /.to-yj.; the Line SC, keep- 
ing ft ill parallel to it fcif, or to the Place 
■where it was at firft ; the Pole P, will by 
this Motion gradually advance into the illu- 
minated Hemifphere i and alfo the Diurnal 
Arches of the Parallels gradually incrcafe, 
and confequently the No£turnal ones de- 
creafe in the fame proportion, until the 
Earth has arrived into Ti* : in which Pofition 
the Pole P, and all the Space within the 
Ardick 
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Arftick Circle, fall wholly within the illu- 
minated Hemifphcre 5 and the Diurnal Arches 
of all the Parallels that are without this 
Circle, will exceed the Nodlurnal Arches 
more or lefs, as the Places are nearer to, or 
farther off from it 5 until the Diftance from 
the Pole is as far as the Equator, where both 
thefe Arches are always equaU 

Again, while the Earth is moving from 
03p, through «k, X, to r 5 the Pole P begins to 
incline to the Line, diftinguifhing Light and 
Darknefs, in the fame proportion that be- 
fore it receded from it 5 and confequently 
the Diurnal Arches gradually Icffen, until 
the Earth has arrived into T 5 where the 
Pole P will again fall in the Horizon, and 
fo caufe the Days and Nights to be every 
where equal. But when the Earth haspaffcd 
r, while fhe is going thro' « and ir, &c. 
the Pole P, will begin to fall in the obfcurc 
Hemifphere, and fo recede gradually from 
the Light, until the Earth is arrived in s ; 
in which Pofition, not only the Pole, but 
all the Space within the Ardick Circle, arc 
involved in Darknefs 5 and the Diurnal 
Arches of all the Parallels, without the 
Arftick Circle, are equal to the Nodurnal 
Arches of the fame Parallels, when the Earth 
was in the oppofite Point Vf : and it is evi- 
dent, that the Days are now at the (hortefl-, 
and the Nights the longed. But whert the 
Earthhaspaft this Point, while (he is going 
2 through 
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through il, and HR^ the Pole P will again 
gradually approach the Light, and fo the Di- 
urnal Arches of the Parallels gradually leng- 
then, until the Earth is arrived in :2; 5 at 
which Time the Days and Nights will again 
be equal in all Places of the World, and the 
Pole itfelfjuft fee the Sun. 

Here we only confidercd the Phenomena 
belonging to the Northcn Parallels $ but if the 
Pole P be made the South Pole, then all the 
Parallels pf Latitude will be Parallels of South 
Latitude 5 and the Days every where, in any 
Pofition of the Earth, will be equal to the 
Nights of thofc who lived in the oppofitc 
Hemifphere, under the fame Parallels. 

Of the Thafes of the Moon, and of her 

Motion in her Orbit. 

The Orbit, of the Moon makes an Angle 
with the Plane of the Ecliptick, of above 
S^ Degrees, and cuts it into two Points, 
diametrically oppofite, (after the fame man- 
ner as the Equator and the Ecliptick cut 
each other upon the Globe in r and :^ which 
Points are called the Nodes 5 and aright LinexV<j/#/. 
joining thefe Points, and palling through 
the Center of the Earth, is called the Line Line cj 
of the Nodes. That Node where the Moon^'^*^*^^- 
. begins to afcend Northward above the Plane 
of the Ecliptick, is called the Afcmding 
Node, and the Head of the Dragon, zuA^^h^ 
is thus commonly marked a. The other ^^'^^^ 
Node, from whence the Moon defcends to 

the 
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the Southward of the Ediptick, is called the 

^jj^iw'i- ^efcending Node^ atid ?the IDragoris^TaUi 

aiid is marked y . The Line of the Nodes 

continually fliifts it felf from Eaft to Wcft^ 

contrary to the Order of the Signs 5 and 

jt#/rtfr^^rWith this RePrograde Motion, makes one 

uotUn of Revolution round the Earth, in the Space 

'^'^''"'•ofabout 19 Years. 

The Moon defcribes its Orbit round the 

Earth in the Space of 27 Days, and 7 Hours, 

fwUikni which Space of Time is called a Periodical 

MmtL Month 5 yet from one Conjundion to the 

next, the Moon (pcnds 29 Days and a Half, 

synoiic^l which is called a Synoditai Month 5 bccaufe 

Month. ^hj]g tj^g Moon in its proper Orhit finiflics 

its Courfe, the Earth advances near a whole 

Sign in the Ecliptick, which Space the Moon 

has dill to defcribe before fhe will be fcen 

in Conjundion with the Sun. 

When the Moon is in Conjundion with 
the Sun, note its Plac^ in the Ecliptick 5 
then turning the Handle, you'll find that 
27 Day^and 7 Hours will bring the Moon 
to the fame Place 5 and after you have made 
2^ Revolutions more, the Moon will be 
<xai^ly betwixt the Sun and the Earth. 

The Moon all the while keeps in her 

Orbit, and fo the Wire that fupports het v 

•continually rifes or falls in a Socket, as flic 

changes her Latitude 5 the black Cap ftiifts 

rha[€s of it felf, and fo flie ws the Phafes of the Moon, 

th$Moon. according to her Age, or how much of her 

en* 
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cnligHteri'd Part is feen from the Earth. In 
one Sy nodical Month, the Line of the 
Nodes moves about 14^ Degree from Weft 
to Eaft^ and fo makes one entire Revolu- 
tion in 19 Years. 

Let A B be an Arch of the Earth's Othit^fUtt f. 
and when the Earth is in T, let the Moon^^^- »• 
be in N, in Conjundion with the Sun in S 5 
while the Mqon is defcribing her Orbit 
N A F D, the Earth will dcfcribe the Arch 
of her Orbit T t ; and when the Ear^jh has 
got into the Point ?, the Moon will be in 
the Point of her Orbit », having made one 
compleat Revolution round the Earth. But 
the Moon, before ibe comes in Conjundion 
with, the Sun, muft again dcfcribe the Arch 
n 5 which Arch is fimilar to T ?, becaufe 
the Lines FN, fn^ are parallel ; and be- 
caufe, while the Moon defcribes the Arch 
n 0, the Earth advances forward in the E- 
cliptick 5 the Arch defcribcd by the Moon, 
after flie has finifhed her periodical Month, 
before fhcmakcs a Synodical Month, muft 
be fomcwhat greater than n .0. To deter- 
mine the mean Length of a Synodical Month ; 
find the Diurnal Motion of the Moon, (or 
the Space (he defcribes round the Earth in 
one Day) and likewife the Diurnal Motion 
of the Earth 5 then the Difference betwixt 
thefe two Motions, is the apparent Motion of 
the Moon round the Earth in one Day : thenit 
will be^ As this differential Arch, is to a whole 

Circles 
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Circle 5 fo is one Day, to that Space of 
Time wherein tiie Moon appears to dc- 
fcribe a conipleat Circle round the Earth 3 
which is about 29^ Days : But this is not 
always a true Lunation $ for the Motion of 
the Moon is fometimes fafter and fometimes 
flower, according to the Pofition of the 
Earth in her Orbit. 

In one Synodical Month, the Moon has 
all manner of Afpefts with the Sun and 
Earth ; and bccaufc (he is opaque, that Face 
of hers will only appear bright which is to- 
wards the Sun, while the oppofite remains 
in Darknefs. But the Inhabitants of ttic 
Earth can only fee that Face of the Moon 
which is turned towards the Earth 5 and 
therefore, according to the various Pofitioris 
of the Moon, in refpeft of the Sun and 
Earth, we obferve different Portions of her 
illuminated Face, and fo a continual Change 
in her * ^Phafes. 
Tig. 1. Let S be the Sun, R T V an Arch of the 
Earth's Orbit, T the Earth, and the Circle 
A B C D, (^c the Moon's Orbit, in which 
flie turns round the Earth, in the Space of 
a Month 5 and let A, B, C, &c. be the Cen- 
ters of the Moon in different Parts of her 
Orbit. 

• ThAfes of the Moon, are thofc different Appearances> v^t 
obfervc in her, according to her Potition in rcipcft of tbp 
Sun and Earth, 

Now 
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Now if with the Lines SA, SBj &c. 
, wc join the Centers oftheSunand Moon, 
and at right Angles to thefe, draw the Lines 
HO; the faid Lines H O, will be the Circles 
that feparatc the illuhiinited Part of the' 
Mcion,from the dark and obfcure : Again, i^ J 
we conceive another Line I L, to be drawri \ 
at right Angles to the Lines T A, T B, ^cC- 
palling from the Center of the Earth to thd 1 
Moon, the faid Line I L Will divide the 
Vifiblc Hcmifphcrc of the Moon, or that 
which is turned towards us, from the in- 
vifible, or that which is turned from us j 
and this Circle may be called the Cird^ 

of Vifion. 

Now ic is manifcft, that whenever thej.^-;^,^! 
Moon is in rK<r PofitionA, or in that Point ' 

of her Orbit which is oppofite to the Sun, 
the Circle of Vilion, and the Circle bound- 
ing Light and Darknefs do coincide, and 
all the illuminated Face of the Moon is 
turned towards the Earth, aad is vifiblc tof I 
us J and in this Pofition the Moon is faid td ' 
be full. But when the Moon arrives to B, 
all hec illuminated Face is then not towards 
the Earth, there being a Part of it, H B I, 
not to be fccn by us ; and then her vifibltf 
Face is deficient from a Circle, and ap^ 
of a gibbous Form, as in B, Fig. j . Again 
when{hearrivestoC,thetwoforementioncd" 
Circles cut each other at right Angles, and 

eobfervc a Half Moony as in C,ii«ifNtm 
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Fig- 3. And again, the illuminated Face 
of the Moon is more and more turned from 
the Earth, until flie comes to the Point E, 
where the Circle of Vifion, and that bound- 
ing Light and Daikncfs, do again coincide. 
Here the Moon dirappears, the illuminated 
Pait being wholly turned from the Earth ; 
and fhe is now Taid to be in Conjuitifioft 
with the Sun, becaufc fhe is in the fame 
Dircdion from the Earth, that the Sun is 
.in^ which Pofttioa we call a New Moon. 
When the Moon has arrived to F, the agaia 
tefumes a horned Figure j but her Horns 
{which before the Change were turned Weft- 
ward) have now changed their Pofition, and 
look Eaftward. When fhe has arrived to 
a Quadrate AfpcftatCfhe'll appear bitre£tcd, 
like a Half Moon j afterwards fhe'il ftUl 
grow bigger, until at laft the comes to A, 
where again (he'll appear in her full Splendor. 
The fame Appearances which we obfcrvc 
in the Moon, are likewife obferved by the 
Lun^ians in the Earth ; our Earth beiftg a 
Moon to them, as their Moon is to us ; 
and we are obferved by them, to be carried 
round in the fame Space of Time, that they 
are really carried round the Earth. But the 
famcPhafcs of the Earth and Mooa happen 
when they are in a contrary Pofition j for 
when the Moon is in Conjunftion to u^ 
the Earth is then in Oppofition to the Moon, 
and the Lunarians have tlien a iuU £artfa» 
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95 we in a fimilar Pofition have a full Moon. 
When the Moon comes in Oppofition to 
the Sun, the Earth fcen from the Moon, 
will appear in Conjundtion with her, and 
in that Pofition the Earth will difappear ; 
afterwards fhe'll aflumc a horned Figure, and 
fo fliew the fame Phafcs to the Inhabitants 
of the Moon, as (he does to us. 

Of the Eclipfes of the Sun and Moon. 

An Eclipfe is that Deprivation of Light ^'#- 
in a Planet, when another is interpofed be- 
twixt it and the Sun. Thus, an Eclipfe of 
the Sun is made by the Interpofition of the 
Moon at her Conjunftion ; and an Eclipfe 
of the Moon is occafioncd by the Shadow 
of the Earth falling upon the Moon, when 
fhe is in Oppofition to the Sun. 

Let S be the Sun, T the Earth, andr^J' +■ 
ABC its Shadow j now if the Moon, 
when fhe is in Oppofition to the Sun, fliould 
come into the conical Space ABC, flic'U 
then be deprived of the Solar Light, and^^^^^ 
fo undergo an Eclipfe. zdiffi. 

In the fame manner when the Shadow of 
the Moon falls upon the Earth (which can 
never happen but when the Moon is in Con- 
jundion with the Sun) that part upon which 
the Shadow falls, will be involved in Dark- 
ne&, and the Suneclipfed. But bccaufethe^^^^ 
Moon is muchUfs than the Earthy the Shz-EcUff,. 
' N a dow 
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dowof the > cannot cover the whole Earthy 
^H' S' but only a part of it. Let S be the Sbn, 
T the Earth, A B C the Moon's Orbit, and 
L the Moon in Conjundion with the Sun: 
Here the Shadow ojf the Moon falls only 
upon the part D E of the Earth's Surface, 
and there only the Sun is intirely hid ; but 
there are other parts EF, DG, on each itdc.of 
the Shadow, where the Inhabitants are de- 
prived of part of the Soliir Rays, and that 
more or lefs according to their Diftance from 
the Shadow. Thofe Who live at H and I^ 
will fee half of the Sun eclipfed : but in the 
Spaces FM, GN, all the Sun s Body will 
be vifible without any ^clipfe. From. the 
preceding Figiurc, it appears, that an £-» 
clipfe of the Sun does not reach a great way 
upon the Superficies qf the Earth : but the 
whole Body of the. Moon may fometimes 
be involved in the Earth's Shadow. 

A Ithough the Moon feen from the £arth> 
and the Earth feen from the Moon, are each 
alternately once a Month , in CoojuoiftiQn 
with the Sun 5 yet by reafpn of the Incli- 
nation of the Moon's Orbit to the EcUp- 
tick, the Sun is not eclipfed every New 
p. ^^ Moon, nor the Moon at every Full. L?tT 
be the Earth, D T E an Arch of the Eclipuck, 
ALBF the Moon's Orbit> havingtbe Eardi 
T in its Center ; and let A GB C be another 
Circle coinciding with the . Ecliptic)^, zufi 

A, 
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A, B, the Nodes, or the two Points where 
the Moon's Orbit and the Ecliptick cut 
each other; A the afcending Node, and B the 
deicending Node. The Angle GAL equal 
to G B L is the Inclination of the Moon's 
Ocbit to the Ecliptick, being about j.^ De- 
grees. Now a Spedator from the Earth at 
T, will obferve the Sun to move in the Cir- 
cle A G B C, and the Moon in her Orbit 
A L B F 5 whence it is evident, that the Sun 
and Moon can never be fcen in adireft Line 
from the Center of the Earth, but when 
the Moon is in one of the Nodes A orBj 
and then only will the Sun appear centrally 
cclipfed. But if the ConjunftJon of the 
Moon happens when (lie is any where with- 
in the Diftancc A i of the Nodes cither 
North or South, the Sun will be then ccljp- 
fed more or lefs according to the Diftancc 
from the Node A, or B. If the Conjundiion 
happens when the Moon is in b, the Sua 
will be then one half eclipfed 5 and if it- 
happens whenfheisis inc, the Moon's Limb 
will juft touch the Sun's Disk, without hi- 
ding any part of it. 

The Shadow of the Earth at the Place 
where the Moon's Orbit interfefts it, is three 
times as large as the Moon's Diameter, as in 
Fig. 4. and therefore it often happens that 
EcUpfcs of the Moon are Total, whenlhejf 
are not Central ; and for the fame Rcafon 
N 3 the 
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the Moon may fomctimes be totally eclipfed 
for three Hours together 5 whereas Total 
Eclipfes of the Sun can fcarcely ever exceed 
four Minutes. 

The Eclipfes of the Sun and Moon are 
very well explained by the Orfery : thus. Ha- 
ving put the Lamp in the Place of the Sun, 
and the little Earth and the little Moon in 
their proper Places, inftead of the larger 
ones y let the Room wherein the Inftrument 
fiands be darkened 5 then turning the Han* 
die about, you'll fee when the Conjun3:ion 
of the Moon happens. When (he is in or 
near one of the Nodes, her Shadow will 
fail upon the Earth, and fo deprive that part 
upon which it falls of the Light of the Sun : 
If the Conjunftion happens when the Moon 
is not near one of the Nodes, the Light of 
the Lamp will fall upon the Earth, either a- 
bove or below the Moon, according to her 
Latitude at that Time. In like manner, 
when the full Moon happens near one of the 
Nodes, the Shadow of the Earth will fall 
upon the Moon 5 and if the Moon's Latitude 
be but fmall, her whole Face will be invol- 
ved in Darknefs. At other times, when the 
full Moon happens when (he is not near one 
of her Nodes, the Shadow of the Earth will 
pafs either above or below the Moon, 
and fo by that means the Moon will cfcapc; 
being eclipfed^ 

Of 
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Of the Eclipfss of the Satellits tf^opiter. 

The apparent Diameters of the Inferior 
Planets arc fo fmall, that when they pals 
betwixt us and the Sun, they only appear 
like fmall Spots upon the Sun's Surface, 
without depriving us of any fenfible quan- 
tity of his Light. The Shadow of the Earth 
likewife terminates before it reaches any of 
the fuperior Planets, fo that they are never 
eclipfed by us j and the Earth, when fhe is in 
Conjunfliion with the Sun, only appears like 
a black Spot upon his Surface. 

But Jupiter and his Moons mutually 
eclipfe each other, as our Earth and Moon 
do ; as alfo Joih Saturn and his Moons. 
The Satellits of Jupiter become twice hid 
from us, in one Circulation round v, 'viz. 
once behind the Body oi Jupiter , i.e. when 
they are in the right Line joining the Centers 
of the Earth and V ; and again they become 
invifible when they enter the Shadow of 
Jupiter, which happens when they are at 
their full as feen from V, at which times they 
alfofufferEclipfes: which Eclipfcs happen to 
them, after the fame manner as they do to 
our Moon, by the interpofition of the Earth 
betwixt her and the Sun. 

Let S be the Sun, A B T the Earth's Or- . , 
bit J and C V D an Arch oi Jupiter's Ot-^'^''' 
bit, in which let 5'«/''f' be in the Point ^ i 
N 4 and 
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and let C F D H be the Orbit of one of Jupi^ 
tefs Satcllits, which we'll here fuppofc W ]ic 
the farthcft from him. Thcfc Satcllits while 
they move thro' the inferior Parts of tbci? 
Orbits, viz, from D thro' H, J to C, fecm 
from the Earth and the Sun to have a retro* 
grade Motion 5 but when they are ia tfa^ 
fiiperior part of their Orbit, they are then 
feen to move from IVeJi to Eaji according to 
their true Motion. Now while thqy de- 
fer ibe the fupefipr part of their prbits, they 
will be twice hid from the OBar^h, QQce ia 
the Shadow of «, and qncc; behind his Bodyii 
If Jupiter be more Wcfterly than the Sup^ 
that is, when the Earth is in A, they'll be 
firft hid in ;iic Shadow F, .and afterwarjis 
behind the Body of ^ in G ; But when th^ 
Earth is in B^ then they are fiift hid behind 
V'sBody in £, and afterwards fall into the 
Shadow F. While thefe Satcllits defcribc 
the inferior parts of their OrbitSj^ they only 
price dilappear,. which may be either in I or 
H, according to the Position of the Earth, 
iq which places they cannot be.diftinguifhed 
from the Body of "Jupiter. 

When the Satcllits fccn from V are in 
Conjunftion with the Sun, their Shadow? 
will then fail upon V, and fome part of hisi 
Body be involved in Darknefs, to which 
part the Sun will be totally eclipfed. 

By obferving the Eclipfcs of Jf^iUfs 
Satcllits^ it was firft difcovei'd that Light is 

JQO^ 
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&otpt^p:^cd inftantaneoufly, tho' it moves 
with aa incredible fwiftnefs. Foi: if Light 
came to us in an Inftand ^ Obfervcr in T 
urould fee an Eclipfe of one of thcfe Satellits^ 
at (he fame time that another in Kwould. But 
it has been found by ObKervations, that when 
the Earth i^ in K at her neareft diftance from 
yupiter^ thefe Eclipfes happen much fooner 
than when (he is in T. Now having the 
difference of Time l)ejnirixt thefe Appear- 
ances in K and T, we^may find the Length 
of Time^ the Light takes in pai^ng from 
K to T, which Space : is equal to the Dia- 
meter of the Earth s Annual Orb. By thefe 
kind of Obfervations, it has ber n found 
that Light reaches from th^i Sun co us, in the 
ipace of clcYcu Mhiuics of lime, which is 
at ieaft at the rate of loo^ooo Miles in a Se- 
cond. 
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